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by 50 per cent by 2025, which would 
help it keep pace with rapid AI 
developments in the US. 

Thankfully, we may soon reach a 
turning point. As we report on[page 18} 
this year the global power sector came 
tantalisingly close to reaching peak 
greenhouse gas emissions, as the switch 
from fossil fuels to clean and renewable 
sources is well underway. The question 
now is whether we can quicken the pace 
of decarbonisation to match the coming 
growth in energy consumption as AI 
becomes increasingly embedded in 
our society. Silicon Valley’s intelligent 
machines may grab the headlines and 
the imagination, but the people really 
inventing the future are working in 
the energy sector. 目 
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News 


Technology 


Are spies sabotaging encryption? 


The US National Security Agency has been accused of meddling with cryptography 
standards to make them less secure, reports Matthew Sparkes 


A PROMINENT cryptography 
expert has told New Scientist 
that a US spy agency could be 
weakening a new generation of 
algorithms designed to protect 
against hackers equipped with 
quantum computers. 

Daniel Bernstein at the 
University of Illinois Chicago says 
that the US National Institute of 
Standards and Technology (NIST) 
is deliberately obscuring the level 
of involvement the US National 
Security Agency (NSA) has in 
developing new encryption 
standards for “post-quantum 
cryptography” (PQC). Healso 
believes that NIST has made 
errors — either accidental or 
deliberate —in calculations 
describing the security of the new 
standards. NIST denies the claims. 

“NIST isn’t following procedures 
designed to stop NSA from 
weakening PQC,” says Bernstein. 
“People choosing cryptographic 
standards should be transparently 
and verifiably following clear 
public rules so that we don’t 
need to worry about their 
motivations. NIST promised 
transparency and then claimed 


“Anytime the NSA gets 
brought up, there’s a 
number of cryptographers 
that are concerned” 


it had shown all its work, but 
that claim simply isn’t true.” 

The mathematical problems we 
use to protect data are practically 
impossible for even the largest 
supercomputers to crack today. 
But when quantum computers 
become reliable and powerful 
enough, they will be able to break 
them in moments. 

Although it is unclear when 
such computers will emerge, 
NIST has been running a project 
since 2012 to standardise a new 
generation of algorithms that 
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The National Security 
Agency headquarters 
at Fort Meade, Maryland 


resist their attacks. Bernstein, who 
coined the term post-quantum 
cryptography in 2003 to refer to 
these kinds of algorithms, says 
the NSA is actively engaged in 
putting secret weaknesses into 
new encryption standards that 
will allow them to be more easily 
cracked with the right knowledge. 
NIST’s standards are used globally, 
so flaws could have a large impact. 
Bernstein alleges that NIST’s 
calculations for one of the 
upcoming PQC standards, 
Kybers512, are “glaringly wrong”, 
making it appear more secure 
than it really is. He says that NIST 
multiplied two numbers together 
when it would have been more 
correct to add them, resulting in 
an artificially high assessment of 
Kyber512’s robustness to attack. 
“We disagree with his analysis,” 
says Dustin Moody at NIST. “It’s 
a question for which there isn’t 


scientific certainty and intelligent 
people can have different views. 
We respect Dan’s opinion, but 
don’t agree with what he says.” 
Moody says that Kyber512 meets 
NIST’s “level one" security criteria, 
which makes it at least as hard 


to break as acommonly used 
existing algorithm, AES-128. 

That said, NIST recommends that, 
in practice, people should usea 
stronger version, Kyber768, which 
Moody says was a suggestion 
from the algorithm’s developers. 


Secrets vs transparency 


NIST is currently in a period 
of public consultation and hopes 
to reveal the final standards for 
PQC algorithms next year so that 
organisations can begin to adopt 
them. The Kyber algorithm seems 
likely to make the cut as it has 
already progressed through 
several layers of selection. 

Given its secretive nature, it is 
difficult to say for sure whether 
or not the NSA has influenced 
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Daniel 
Bernstein 

is concerned 
about the 
security of 
encryption 
algorithms 


the PQC standards, but there 
have long been suggestions 
and rumours that the agency 
deliberately weakens encryption 
algorithms. In 2013, The New York 
Times reported that the agency 
had a budget of $250 million for 
the task, and intelligence agency 
documents leaked by Edward 
Snowden in the same year 
contained references to the NSA 
deliberately placing a backdoor 
ina cryptography algorithm, 
although that algorithm was later 
dropped from official standards. 

Moody denies that NIST would 
ever agree to deliberately weaken 
a standard at the behest of the NSA 
and says that any secret weakness 
would have had to be inserted 
without its knowledge. He also 
says that in the wake of the 
Snowden revelations, NIST has 
tightened guidelines to ensure 
transparency and security and 
to rebuild confidence with 
cryptographic experts. 

“We wouldn't have ever 
intentionally done anything 
like that,” says Moody, but he 
acknowledges the Snowden 
leaks caused a backlash. “Anytime 
the NSA gets brought up, there’s 
a number of cryptographers that 
are concerned and we've tried to 
be open and transparent about 
our interactions.” 

Moody says that the NSA 
has also -as far as a secretive 
intelligence agency can -tried 
to be more open. But the agency 
declined to comment when 
approached by New Scientist. 

“All we can do is tell people 


that NIST are the ones in the 
room making the decisions, but 
if you don't believe us, there's no 
way you could verify that without 
being inside NIST,” says Moody. 

However, Bernstein alleges 
that NIST hasn’t been open about 
the level of input by the NSA, 
“stonewalling” him when he 
has asked for information. Asa 
result, he has made freedom of 
information requests and taken 
NIST to court, forcing it to reveal 
details of the NSAs involvement. 

Documents released to 
Bernstein indicate that a group 
described as the “Post Quantum 
Cryptography Team, National 
Institute of Standards and 
Technology” included many 
NSA members and that NIST had 
met with someone from the UK’s 
Government Communications 
Headquarters (GCHQ), the 
UK equivalent of the NSA. 

Alan Woodward at the University 
of Surrey, UK, says there are 
reasons to be wary of encryption 
algorithms. For example, the 
GEA-1 code used in mobile phone 
networks during the 1990s and 
2000s was found to have a flaw 
that made it millions of times less 
computationally intensive than 
it should have been to crack - 
although a culprit who put it 
there has never been identified. 

But Woodward says that the 
current PQC candidates have been 
heavily scrutinised by academics 
and industry and haven't yet 
been found lacking, while other 
algorithms that featured in earlier 
stages of the competition have 
been demonstrated to be flawed 
and were eliminated. 

“Intelligence agencies have a 
history of weakening encryption, 
but there’s been such a lot of 
security analysis done on these 
candidates that I would be 
surprised if Kyber were somehow 
booby-trapped,” he says. I 
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Space 


Largest known solar storm 
struck Earth 14,500 years ago 


Alex Wilkins 


THE most powerful solar storm 
ever may have hit Earth 14,300 
years ago, according to records 
preserved in Alpine tree trunks. 
Itis unclear how much damage 
a similar storm might cause 
today, but electricity grids 
could theoretically be knocked 
offline for months and all 
satellites destroyed. 

In 2012, Fusa Miyake at Nagoya 
University in Japan discovered 
evidence in tree trunks of very 
powerful solar flares — charged 
particles expelled from the sun 
that, along with magnetised 
plasma and gamma rays, 
make up solar storms. These 
flares, which date back many 
centuries, may have caused a 
spike in the level of a radioactive 
form of carbon in trees. 

Since then, at least nine 
probable ancient solar storms, 
called Miyake events, have been 
discovered in this way. 

Now, Tim Heaton at the 
University of Leeds, UK, and his 
colleagues have found evidence 
ofa solar storm almost twice as 
large as the next largest Miyake 
event, in pine tree trunks in the 
southern French alps. 


“We don't totally know what 
would happen ifa similar storm 
happened today,’ says Heaton. 
“Some people think they would 
be absolutely catastrophic, 
cause huge, month-long 
blackouts to halfthe globe 
and destroy the solar panels 
on our satellites and put them 
permanently out of action.” 
Other predictions suggest much 
less disruption, but there is alot 
of uncertainty, says Heaton. 

He and his team looked 
at 140 tree trunks buried in 
a bank ofthe Durance river in 
Provence. As the bank eroded, 
the trunks were exposed and 
the team could look for raised 
levels of carbon-14, a kind of 
carbon that has two more 
neutrons than normal and is 
produced by energetic particles 
hitting Earth’s atmosphere. 

By comparing the tree rings 
and constructing a timeline 
of when each tree lived, the 
researchers dated a huge spike 
in carbon-14 to 14,300 years ago. 


Large flares bursting 
out of the sun can 
cause solar storms 


They also matched this spike 

to elevated levels of beryllium 
from Greenland ice cores, which 
is produced in a similar way 

to carbon-14 (Philosophical 
Transactions of the Royal 
Society A,|doi.org/kxzh). 

It is difficult to compare 
such a storm with anything in 
recorded history, says Heaton. 
The largest solar storm we have 
experienced, the Carrington 
event of 1859, sparked fires and 


“Some people think 
these storms would be 
catastrophic, causing 
month-long blackouts” 


induced currents in telegraph 
wires, but this one was so small 
compared with Miyake events 
that it wouldn’t even register a 
blip in the radiocarbon record. 

While the 10 Miyake events 
known about over the past 
15,000 years seem relatively 
infrequent, we don’t know 
whether they occur with any 
sort of pattern. It is also unclear 
why the sun produces them. 
“They’re not part of what 
people thought was the sun’s 
potential behaviour,” says 
Heaton. “We don’t even really 
know whether they are a totally 
special behaviour of the sun or 
just the extreme ends ofthe 
more moderate solar storms 
that we see all the time.” 

“This is maybe the biggest 
[solar storm] we've seen in 
the past, but I think we've just 
scratched the surface,” says 
Raimund Muscheler at Lund 
University in Sweden. The 
carbon-14 spike doesn't tell 
us about the gamma rays or 
plasma emitted during solar 
storms, though, he says, because 
carbon-14 is only produced from 
the sun’s high-energy particles, 
such as protons. E 
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News 


Mind 


mewscientist.com/fix | 


Placebos may ease pain by acting 
on brain systems linked to emotions 


Moheb Costandi 


THE largest ever brain scan 
study of the placebo effect has 
revealed that it seems to act on 
systems in the brain that process 
the emotional aspects of pain, 
which could explain why 
sugar pills can ease discomfort. 
Expectations, suggestion and 
social cues can all influence the 
placebo effect, where a person’s 
symptoms lessen after taking 
adummy medicine that they 


believe to be an effective treatment. 


But how this affects the sensory 
pathways that transmit pain 
signals in the brain is unclear. 

To learn more, Rotem Botvinik- 
Nezer at Dartmouth College 
in New Hampshire and her 
colleagues delivered moderately 
painful heat to nearly 400 people’s 


Climate change 


Sea level rise is 
already leading to 
longer commutes 


FLOODING due to sea level 
rise has added an average of 
23 minutes to the time people in 
the coastal US spend commuting 
over the course of a year. By 2060, 
even a modest amount of additional 
sea level rise could increase that 
delay 10-fold, amounting to 
billions of hours of wasted time. 
“It's here. It's now. It's a delay 
that is already occurring,” says 
Mathew Hauer at Florida State 
University. He and his colleagues 
have looked at census data 
representing 74 million actual 
commuting routes in more than 
200 counties on or near the US 
coasts. They used a traffic model 
to calculate normal commute times. 
They then calculated how tidal 
flooding changed these times, using 
tidal gauge readings taken between 
2002 and 2017 to model levels of 
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fingers via an electrode, allowing 

them to become familiar with it. 
They then applied two 

creams to different fingers of 

each person’s left hand. One was 

labelled “Prodicaine, an effective 


pain-relieving drug” and the other 


“a control cream with no effects”. 
The two creams were, in fact, 
identical, with neither containing 
a pain-relieving drug. 

Before receiving the Prodicaine 
cream, participants watched a 


short video on how to use it, along 


with a fake testimonial about how 
effective it is. They were also told 
about its potential side effects. 
The researchers then reapplied 
the heat, this time alongside 
painful pressure. During this, 
they scanned participants’ brains 


inundation and an algorithm to 
account for commuters rerouting 
to drive around flooded areas. 
After screening out extreme 
events related to storm surges, they 
found that flooding-related delays 
increased from an average of 
around 12 minutes per person 
per year in 2002 to an average of 
23 minutes per person per year in 
2017. In some areas, the increase 
in delay length was more marked. 
Residents of coastal counties in 
Florida saw a 360 per cent increase 


via magnetic resonance imaging 
(MRI). People reported feeling less 


pain in the fingers treated with the 


Prodicaine cream than in those 


treated with the cream labelled asa 


control. The Prodicaine cream not 
only influenced their perception 
of the heat pain that they had 
become somewhat accustomed 


“Expectations, suggestion 


and social cues can 
all influence the 
placebo effect” 


to, but also of the new pain from 
pressure (bioRxiv,|doi.org/kxv3). 
“This study addressed an 
important, unanswered question 
about transfer of placebo effects,” 
write the researchers. Earlier work 


in the length of delays since 2002, 
for instance, while coastal residents 
in South Carolina saw a 225 per 
cent increase (Environmental 
Research,|doi.org/kxv4). 

“It turns out it's pretty 
widespread. We just haven't had 
a good way of quantifying it or 
how common it is,” says Hauer 

Future sea level rise driven by 
climate change will lead to more 
delays, according to the new model. 
The researchers found that if the 
world is on course for a rise of 


Fix the Planet newsletter 
Find out how technology is tackling climate change 


has suggested the effect doesn’t 
always transfer between different 
types of pain, such as from pain 
when giving birth to postpartum 
pain. “Our findings indicate robust 
behavioral placebo effects that are 
generalizable to new outcomes,” 
the researchers write. 
They also looked at the 
MRI brain scans for responses 
in a network of systems they call 
the “neurologic pain signature", 
which some of the team previously 
showed responds to physical pain. 
The Prodicaine cream had 
no effect on neural activity in 
this network, but it did decrease 
activity in another network 
involving “meaning-making 
systems”, such as the regulation 
ofemotions. i 


A flooded roadway 
in Planada, California, 
in January 


0.3 metres by 2100, considered 
to be a low-end scenario, there 
would be 183 minutes of delay 
per year to the average commute 
time in these counties in 2060. 
A high sea level rise scenario of 
2.5 metres by 2100 would lead 
to 643 minutes of delay in 2060. 
While most commuters wouldn't 
notice what might amount to a few 
seconds when spread across daily 
commutes, the time adds up, says 
Jennifer Jacobs at the University 
of New Hampshire. She and her 
colleagues have found that traffic 
delays caused by such flooding in 
the US have already cost billions 
of dollars in lost time. The cost 
is expected to rise to hundreds 
of billions this century if steps 
aren't taken to prevent flooding 
by, for example, raising roads or 
building sea walls, she says. 目 
James Dinneen 


Zoology Analysis Artificial intelligence 

Pickled snake is new Should we worry about Al's energy use? The growing use 
species - but it may of power-hungy artificial intelligence could end up consuming 
already be extinct as much energy as whole countries, says Matthew Sparkes 
Ryan Truscott 


A HOODED, venom-spitting snake 
that was pickled and has been ata 
museum in Zimbabwe for 40 years 
has been identified as a new species 
based on DNA analysis. 
The female specimen kept 
at the Natural History Museum 
of Zimbabwe in Bulawayo was 
found run over in 1982 in the 
country’s mountainous Nyanga 
region. It was initially identified 
as arinkhals (Hemachatus 
haemachatus), which are found in 
South Africa, Lesotho and Eswatini. 
Nyangais at least 700 kilometres 
from those places, though, so it was 


AMID the many debates about 
the potential dangers of artificial 
intelligence, some researchers 
argue that an important concern 
is being overlooked: the energy 
used by computers to train and 
run large Al models. 

Alex de Vries at the VU 
Amsterdam School of Business 
and Economics warns that Al's 
growth is poised to make it a 
Significant contributor to global 
carbon emissions. He estimates 
that if Google switched its whole 
search business to Al, it would end 
up using 29.3 terawatt-hours per 
year - equivalent to the electricity 
consumption of Ireland, and 
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Aliving Nyanga 


DONALD BROADLEY 


suspected that the specimen could 
be from a distinct species. Now, 
using techniques designed to 
extract DNA from old specimens, 
such as mammoths, Tom Major at 
the University of Bangor, UK, and 
his colleagues have analysed DNA 
from the bottled snake. 


The researchers say the snake is 


a separate species called the Nyanga 
rinkhals (Hemachatus nyangensis) 
that probably diverged from other 
rinkhals between 7 and 14 million 


years ago (PLoS One L 


The last time a Nyanga rinkhals 


was sighted in the wild was 1988, 
and the researchers now fear the 
worst. “If it isn’t already extinct, 
it's probably very vulnerable to 
extinction,” says Major. 


Rinkhals are tricky to find in the 


wild, says Major. Cellular material, 
or environmental DNA from things 
like recently shed snakeskins, could 
provide proof of life, but might be 
hard to find in the vast expanse 

of the Nyanga mountains. I 


On one hand, there is reason 
not to panic. Making that sort of 
switch would require more than 
4 million powerful computer chips 
known as graphics processing 
units (GPUs). These are currently in 
huge demand, with limited supply, 
and would cost $100 billion, 
which even Google's deep 
pockets would struggle to fund. 

On the other hand, Al’s energy 
consumption will present a genuine 
problem in time. Nvidia, which 
sells 95 per cent of the GPUs 
used for Al, will ship 100,000 
of its A100 servers this year, 
which can collectively consume 
5.7 terawatt-hours a year. 

Things are likely to get worse as 
new manufacturing plants come 
online and increase production 
capacity. Chip-maker TSMC, 
which supplies Nvidia, is investing 
in new factories that could provide 
1.5 million servers a year by 2027, 
and all that hardware could 
consume 85.4 terawatt-hours 
of energy a year, says de Vries. 


its high environmental cost. 
“People have this new tool and 

they're like, ‘OK, that's great, we're 

gonna use it, without regard for 


5./ 


Annual energy use of 100,000 
Al chips, in terawatt-hours 


whether they actually need it,” 
he says. "They forget to ask or 
wonder if the end user even has 
aneed for this in some way or 
will it make their lives better. 
And | think that disconnect is 
ultimately the real problem.” 

“It's one of the topics that 
really keeps me up at night,” says 
Sandra Wachter at the University of 
Oxford. “We just interact with the 
technology, and we're not actually 
aware of how much resources — 
electricity, water, space - it takes.” 
Legislation to force transparency 
about the models’ environmental 
impact would push firms to act 
more responsibly, she says. 


rinkhals almost double the company's 

photographed total energy consumption of With businesses rushing to Most Als run on servers 

in about 1980 15.4 terawatt-hours in 2020 integrate Al into their products, made by Nvidia, packed 

defensively (Joule, DOI: 10.1016/j. Nvidia will probably have no with power-hungry chips 

displaying joule.2023.09.004). problem clearing its stock. 

its hood Google didn’t respond to But de Vries says it is important A spokesperson for OpenAl, the 
areguest for comment. for Al to be used sparingly, given developer of Al chatbot ChatGPT, 


tells New Scientist: “We recognise 
training large models can be 
energy-intensive and is one of the 
reasons we are constantly working 
to improve efficiencies. We give 
considerable thought about the 
best use of our computing power.” 
There are signs that smaller Al 
models are now approaching the 
Capabilities of larger ones, which 
could bring energy savings, Says 
Thomas Wolf, co-founder of Al 
company Hugging Face. Mistral 
7Band Meta’s Llama 2 are 10 
to 100 times smaller than GPT4, 
the Al behind ChatGPT, and can do 
many of the same things, he says. 
“Not everyone needs GPT4 for 
everything, just like you don't 
need aFerrari to go to work" 
Aspokesperson for Nvidia 
says running Al on its GPUS 
is more energy-efficient than 
on an alternative type of chip 
called a CPU: “Our products 
are more performant and 
energy efficient with each 
new generation.” I 


14 October 2023 | New Scientist | 11 


News special New Scientist Live 


Space 


JWST should soon glimpse the very 
first stars born after the big bang 


Alex Wilkins 


WE ARE tantalisingly close to 
seeing the cosmic dawn, the 
time when the first stars and 
galaxies formed, with the James 
Webb Space Telescope (JWST). 

“In the last 12 months, we’ve 
made more progress probably 
than within the last 20 years, 
because it’s such a powerful 
telescope,” says astrophysicist 
Richard Ellis at University 
College London. 

Ellis spoke to a crowd at New 
Scientist Live at the ExCeL Centre 
in London on7 October about the 
latest findings from JWST, which 
has been operational since 2022 
and is still producing new science 
at a tremendous rate. “It’s a talk 
Icouldn’t have given even six 
months ago,” he tells New Scientist. 

Some of the most striking results 
have come from observations of 
the most distant galaxies we can 
see, which correspond to just a 
few hundred million years after 
the universe began. These galaxies 
seem more luminous than 
theorists predicted, suggesting we 
have probed back to an era when 
the physical conditions of how gas 
is converted to stars were different. 


NASA, ESA, CSA/STSCI 


“They’re systematically brighter 
by factors of three to five, which 
may not sound alot, but ifwe go 
to later times when the universe 
is older, these theoretical models 
match the data extremely well,” 
says Ellis. It seems that when we 
use JWST to look beyond what the 
Hubble Space Telescope can see, 
further back in time to earlier 
galaxies just 400 million years 
after the big bang, we find that 
something is different, he says. 

There are a few explanations 
as to why, such as early stars being 
more massive than those we see 


today and so giving off more light, 
or early galaxies forming stars 
more quickly than we expect. 

If either scenario is true, 
seeing these different conditions 
means we could be close to 
“cosmic dawn", says Ellis. “We're 
notin a cosmological crisis. 
We're not at the point of giving 
up the cold dark matter view 
or abandoning the big bang.” 

The chemical composition of 


Young star pair Herbig- 
Haro 46/47, as seen by 
the James Webb telescope 


these galaxies also suggests that 
we are getting close to observing 
objects from the beginning of 
the cosmic dawn. The first stars 
should be almost entirely made 
up of hydrogen and helium; it is 
only later in their lives that they 
produce heavier elements. 

Looking at the earliest stars 
we have seen, “we can calculate 
the oxygen, carbon and nitrogen 
abundance, compared to the sun, 
and we’re now down to between 
1and 4 per cent at these early 
times”, says Ellis. “So clearly the 
universe is heading towards a 
pristine state in the most distant 
galaxies that we see.” 

Because early stars can be born 
and die in just 5 million years, and 
can pollute nearby stars with the 
heavier elements they have made, 
if you find a pristine star, it means 
there hasn’t been enough time for 
the stars to mix and it must be 
from very early in the galaxy. 

One way to find these stars 
is by measuring a lot of galaxies 
and observing them with JWST 
to analyse their chemical make-up. 
It is possible we will see results in 
the next few years, says Ellis. I 


Technology 


Autonomous robots 
could make farms 
more biodiverse 


FARM robots guided by GPS can 
plant and harvest multiple crops in 
close proximity, enabling beneficial 
interactions between species and 
potentially boosting biodiversity. 
Strip cropping - partitioning 
fields into narrow bands containing 
different crops - is a common 
practice. Now, robotic technology 
is making it possible to space crops 
closer together than ever before. 
Kit Franklin at Harper Adams 
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University, UK, says you can think 
of it as taking a diverse planting 
approach for an allotment and 
scaling it up with machinery. 

At New Scientist Live, Franklin 
presented preliminary results from 
experiments on the Hands Free Farm 
at the Harper Adams University 
campus in Shropshire, UK. 

On the farm, autonomous robots 
are equipped with a seed drill that 
deposits crops in 2-metre-wide 
rows and a combine harvester that 
collects the plants once they mature. 
This year, the university ran a trial 
with half a hectare of repeating 
rows of wheat, barley and beans. 


“We've been able to plant those 
crops as separate strips and then 
tend them as separate crops,” says 
Franklin. That is hard to do with 
conventional farm machinery, he 
says. The crops have a beneficial 
impact on each other, with beans 
drawing nitrogen - which wheat and 
barley require to grow - down into 
the soil and storing it, he says. “The 
one is potentially feeding the other.” 

Feeding the plants like this 


“We've been able to plant 


those crops as separate 
strips and then tend them 
as separate crops” 


reduces the need for fertilisers, 
and planting crops of varying 
heights, which are harvested at 
different times, can increase the 
sunlight each row gets, boosting 
growth, says Franklin. 

Felicity Crotty at the Royal 
Agricultural University in the UK says 
the approach could be beneficial. 
“You're actually increasing your 
biodiversity on the farm, and 
also that potentially reduces pest 
pressure,” she says. But relatively 
small-scale experiments like this 
may not translate into industrial 
farming, says Crotty. I 
Matthew Sparkes 


Health 


Psychedelics hype 
may lead people 
to self-medicate 


Clare Wilson 


SOME psychedelic drugs show 
promise for treating several mental 
health conditions, but people 
shouldn't self-medicate with them 
because they can sometimes trigger 
a psychotic breakdown, Jonathan lliff 
at University College London told 
New Scientist Live on 7 October. 
Drugs such as psilocybin, 
which is the active compound 
in magic mushrooms, are being 
investigated for treating a 


“One chap on my ward had 
taken magic mushrooms 
to try and treat himself and 
had made things worse” 


range of conditions under medical 
supervision, including depression, 
post-traumatic stress disorder 
and anorexia. 

These treatments are still classed 
as experimental in most countries 
because larger trials are needed to 
confirm safety and effectiveness, 
but growing media coverage is 
leading to some people with mental 
health problems taking the drugs 
unsupervised, says Iliff, a doctor 
and neuroscientist. 

Psychosis, when people have 
delusions and hallucinations, 
is a well-known side effect of 
cannabis, but occasionally also 
happens after using psychedelics. 
Asa psychiatrist, Iliff has treated 
people admitted to hospital with 
acute psychosis triggered by taking 
magic mushrooms. “One such chap 
on my ward had taken it to try and 
treat himself and, in the process, 
had made things worse,” says Iliff, 
who is involved in trials to test the 
use of psychedelics for depression. 

Allan Young at King’s College 
London, who is also involved in 
psychedelics research, says: "No 
treatment is without harms - what 
matters is the balance between 
benefits and harms.” We need to 
research psychedelics with due 
care and attention, he says. I 
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Environment 


Drying rivers threaten 
London's water supply 


Graham Lawton 


THE UK'S capital is number nine 
in the list of global cities most 
likely to run out of drinking 
water, rivers campaigner 
Feargal Sharkey said at New 
Scientist Live on 8 October. 

“London is now ona list 
with the likes of Cape Town, 
Sao Paulo, Jakarta [and] Mexico 
City because of the same lack of 
investment and the same lack of 
strategic thinking,” he said. The 
other cities near the top of the 
list are Bangalore, Beijing, Cairo, 
Moscow, Istanbul and Tokyo, 
the BBC reported in 2018. 

Sorting the problem 
requires a lot of money, but 
consumers, not the privatised 
water companies, may be asked 
to foot the bill. “The [UK] 
National Infrastructure 
Commission are estimating 
simply to keep London and 
England’s taps running over 
the next 30 years is going to 
take another £20 billion... of 
your money,’ said Sharkey. 

As wellas running dry, the 
UK’s waterways are in poor 
shape. Only 14 per cent of 


Feargal Sharkey (left) 
and Graham Lawton at 
London's ExCeL centre 


England's rivers are in good 
ecological health. The rest 
have been ravaged by sewage, 
agricultural run-off, over- 
extraction, modified banks 
and barriers suchas dams. 
Good ecological health means 
“a good, healthy ecosystem with 
a wide, diverse range of plants, 
insects, bugs, fish, wildlife, birds, 
beavers, otters and everything 
else that’s utterly dependent 
upon the health of those rivers”, 
said Sharkey. No English rivers 
are in good chemical health. 
Spills of human sewage are 
a major issue, but hard to keep 
track of. Monitoring systems 
record how often sewage 
overflow pipes are opened 
and for how long, but not how 
much actual raw sewage ends 
up in rivers. Sharkey told the 
audience that one of only two 
monitoring stations to record 
that figure -in Twickenham, 
London -found that in the 
space of just two days in 2021, 
millions of litres of raw sewage 
were dumped into the Thames. 
The poor state of UK rivers is 
also a legal issue. In 2002, the 
European Water Framework 
Directive came into force, 
compelling member states 
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(including the UK at the time) 
to make sure that all freshwater 
bodies were in good ecological 
health by 2027. Some reports 
claim current estimates mean 
that only 6 per cent of England’s 
rivers will meet the requirement 
by that deadline. “We’ve 
basically flushed them 

down the loo, physically and 
metaphorically,” said Sharkey. 

England’s privatised water 
industry has been adequately 
paid to solve these problems, 
but has chosen to reward 
shareholders and executives 
rather than execute their legal 
obligations to run a clean and 
safe water system, said Sharkey. 

Instead, the UK water industry 
is reportedly planning to ask 
customers to foot the estimated 
£96 billion bill to prevent 
sewage spills and other issues. 

Sharkey is especially 
concerned about chalk streams, 
which arise from aquifers in 
chalky rocks. Southern England 
has 85 per cent of the world’s 
chalk streams, a unique habitat 
that is dying, he said. Water 
companies like to extract water 
from them because they are 
very clean. “This is the UK’s 
Amazonian rainforest, a piece of 
ecosystem and environment 
that cannot be replicated 
anywhere else in the world, and 
we're utterly destroying every 
single one,” said Sharkey. 

What can be done? “I would 
encourage you now to get in 
touch with your local MP,” he 
said. “Just send them an email. 
It takes no more thana single 
sentence simply to say, Iam 
utterly shocked, furious, 
appalled. I think I have been 
scammed out of my money. 
What in god’s name are you, 
as my local MP, going to do to 
deal with and bring the water 
industry back into line?” I 
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Telecommunications 


Amazon successfully launches 
its prototype Kuiper satellites 


Jonathan O’Callaghan 


PROJECT Kuiper, Amazon’s 
planned space internet service, 
kicked off with the launch of its 
first ever satellites on 6 October. 
The firm hopes the service will 
rival SpaceX’s Starlink. 

A pair of satellites called 
KuiperSat-1 and KuiperSat-2 
launched ona United Launch 
Alliance (ULA) Atlas V rocket 
from Cape Canaveral in Florida 
on 6 October. They are now 
orbiting 500 kilometres above 
Earth’s surface to test out key 
components of the Kuiper mega 
constellation, which is planned 
to consist of 3200 satellites. 

“It's really important to 
test the satellites before they 
can launch the rest ofthe 
constellation,” says Tim Farrar, 
a satellite communications 
consultant in the UK. “This is 
a big step forward that we’ve 
been waiting along time for.” 

Project Kuiper satellites are 
designed to connect to remote 
terminals on Earth, providing 
internet access in locations that 
otherwise lack connectivity. 

Such space internet has been 
the goal of several firms in recent 
years, most notably SpaceX in 
the US and Eutelsat’s OneWeb in 
the UK. The former has already 
launched about 5000 satellites 
and boasts some 2 million 
users, while OneWeb has nearly 
650 satellites in orbit. Amazon 
is playing catch-up, says Farrar. 
“They are four or five years 
behind SpaceX at least,” he says. 

Amazon has committed to 
spending $10 billion on Kuiper. 
Last year, it essentially bought 
up all the spare launch capacity 
in the world on every available 
non-SpaceX rocket — seemingly 
in an attempt to avoid giving 
money to its major competitor. 

However, the development 
of many of the rockets that 
Amazon intends to use, such 


14 | New Scientist | 14 October 2023 


PAUL HENNESY/ANADOLU AGENCY VIA GETTY IMAGES 


as ULA's Vulcan Centaur, has 
been delayed. The hold-up has 
seen the company turn to the 
Atlas V rocket to launch its two 
prototype satellites, despite the 
rocket being much larger than 
required. Each KuiperSat is 
estimated to be more than 

500 kilograms in mass, which is 


S$10bn 


Amazon's planned spending 
on its space internet project 


too large for most small rockets, 
but undersized compared with 
the Atlas V’s lifting capacity of 
7000 kilograms. 

“There isn’t really much 
on the table that's at an 
intermediate rocket level,” 
says Jonathan McDowell at 
the Harvard-Smithsonian 
Center for Astrophysics in 
Massachusetts. 

Amazon says it will begin 
production ofits full Kuiper 
satellites later this year and 
start launching them in the 
first half of next year, with 
an early Kuiper service due 
to roll out in the second half 


An Atlas V rocket carrying 
Amazon's satellites took off 
from Cape Canaveral, Florida 


of 2024. Eventually, it plans 
to offer internet speeds of 
up to1 gigabit per second, 
comparable to that provided 
by fibre-optic broadband. 

The prototype satellites are 
carrying instruments to test 
how users on the ground might 
connect to Kuiper. One satellite 
will also test out a method to 
reduce its brightness in the 
night sky, in order to prevent 
the future Kuiper mega 
constellation from being 
a nuisance to astronomers. 

Chris Johnson, space law 
adviser at the Secure World 
Foundation in the US, says 
there are still issues to resolve 
regarding both the impact 
of mega constellations on 
astronomy and managing such 
large numbers of satellites in 
orbit to avoid collisions. “Global 
constellations are here now and 
the train has left the station,” 
he says. “But that doesn’t mean 
the game is up. These things 
can still be regulated.” I 


Environment 


The growing 
carbon footprint 
of satellite internet 


Jeremy Hsu 


THE space race that is seeing 
SpaceX, Eutelsat and Amazon 
launch thousands of satellites 
capable of providing internet 
service (see story, left) will carry 
a significant environmental cost. 

Edward Oughton at George 
Mason University in Fairfax, 
Virginia, and his colleagues have 
found that the carbon footprint of 
each satellite constellation could be 
14 to 21 times higher per internet 
subscriber than the emissions 
associated with land-based 
mobile internet. This is primarily 
because of rocket launch emissions 
like carbon dioxide and carbon 
monoxide (arXiv,|doi.org/kxj7)}. 

The polluting potential of satellite 
internet services may be higher than 
this, though. When the researchers 
factored in additional rocket launch 
particles - such as black carbon or 
aluminium oxide - they calculated 
that the carbon footprint per 
subscriber might increase to 
between 31 and 91 times that 
of aland-based internet option. 

Among the three satellite internet 
competitors, SpaceX’s Starlink 
generally manages the lowest 
carbon emissions per internet 
subscriber - about 31 times larger 
than terrestrial equivalents - mainly 
because it has the most customers, 
so emissions per user are lower. 

Amazon's upcoming Project 
Kuiper constellation may deliver 
the worst emissions impact of the 
three, partly because it is expected 
to use Europe’s new Ariane 6 rocket 
system for many launches. Unlike 
the SpaceX Falcon 9 rocket used 
by Starlink and Eutelsat’s OneWeb 
satellites, the Ariane 6 system will 
use Solid fuel propellant that emits 
more particles like aluminium oxide. 

The emissions impact will 
change over time, partly because 
of the need to launch replacement 
satellites, says Martin Ross at the 
Aerospace Corporation, a non-profit 
organisation in California. I 


Health 


A genetic basis for vegetarianism? 


Some variants of certain genes may affect people’s ability to tolerate a diet without animal fat 


Clare Wilson 


PEOPLE'S likelihood of being 
vegetarian seems to be influenced 
by several genetic variants, and 
two of the three most important 
genes found so far appear to be 
involved in fat metabolism. 

This hints that some people 
find it easier to give up meat 
because they naturally produce 
certain fat molecules, says 
Nabeel Yaseen at Northwestern 
University in Chicago. “Maybe 
there’s some fat that’s essential 
for some people to have in their 
diet, but not for others,” he says. 

Genetic factors are known to 
influence aspects of diet, such 
as whether people like coffee or 
alcohol. To see if genes also affect 
vegetarianism, Yaseen and his 
team turned to data on about 5300 
people who said they were strict 
vegetarians and 330,000 people 
who were meat eaters in the UK 
Biobank study, for which people 
filled in lifestyle surveys and had 
their DNA sequenced. 

Three gene variants were more 
common in vegetarians. Two, 
called NPC1 and RMC1, are involved 
in the transport and metabolism 


Zoology 


Hybrid puffins may 
have emerged due 
to global warming 


TWO distinct subspecies of Atlantic 
puffins are now interbreeding in 
Norway, possibly as a result of Arctic 
warming forcing some birds away 
from their usual habitat. 

The island of Spitsbergen in 
Svalbard, Norway, is inhabited by 
the largest subspecies of Atlantic 
puffin, Fratercula arctica naumanni. 
Puffins on the island of Røst, some 
1000 kilometres to the south, 
belong to a smaller subspecies, 
Fratercula arctica arctica. 
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of cholesterol and other fatty 
molecules called glycolipids. 
The third gene, called RIOK3, 
has various functions, including 
affecting the immune system 
(PLoS One, |doi.org/kxjt). 

It isn’t known how these genes 
may relate to vegetarianism. 
But one of the chief differences 
between animal-based foods and 
plant-based ones is the chemical 


Vegetarian delicacies 
don't seem to appeal 
equally to all people 
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In 2021, researchers reported 
the discovery of hybrid puffins - a 
mix of these two subspecies - on 
Bear Island, which is about halfway 
between Spitsbergen and Rost. 

Oliver Kersten at the University of 
Oslo in Norway and his colleagues 
have now analysed genetic samples 
collected from 22 puffins that lived 
between 1868 and 1910 on 
Spitsbergen, Rost and Bear Island. 
They also analysed the genomes 
of 18 puffins that lived on these 
islands between 2012 and 2018. 

This revealed that all puffins on 
Bear Island until 1910 belonged to 
the subspecies F. a. arctica. Based on 
an analysis of the modern genomes, 
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make-up of their fats or oils, 
collectively known as lipids. 
Yaseen and his colleagues 
speculate that some people may 
function better on a vegetarian 
diet because they are more able to 
synthesise certain lipid molecules 
that are present in meat. 

Some people who try 
vegetarianism but give up 
may be doing so because their 
body becomes deficient in the 
postulated essential lipids, says 
Yaseen. “They decide that this 
diet is not for them or gradually 
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Atlantic puffins 
on Spitsbergen, 
Norway, are 
different from 
those found 
further south 


Kersten and his colleagues 
think the two subspecies began 
interbreeding shortly after 1910 
(Science Advances, 
“The appearance of this hybrid 
puffin population coincides 
precisely with the anthropogenic 
warming of the Arctic,” says 
Kersten. “Rising temperatures 


creep back into an omnivore diet. 
Some people might think they 
just don’t have the willpower.” 

Another possibility, says 
Yaseen, is that the apparently 
vegetarianism-promoting 
gene variants affect people’s taste. 
“A lot of information about genes 
is yet to be known,” he says. 

Albert Koulman at the 
University of Cambridge says 
most research into how nutrients 
influence satiety and food choices 
has focused on proteins rather 
than fats. “We don’t know enough 
about [this idea] to either accept 
or dismiss it,” he says. 

Richard Mcllwain at the 
UK Vegetarian Society says the 
number of vegetarians has almost 
doubled in the UK between 2012 
and 2019. “That would seem to 
suggest something other than 
underlying genetic factors are 
at play,” he says. “People go 
vegetarian because, more and 
more, they are concerned about 
climate, about animal welfare or 
about their health”, he says, which 
are more important determinants 
than physiological factors. I 


reduced the food available around 
Spitsbergen, so that forced the 
naumanni puffins to search for 
food elsewhere.” 

At present, there is no real 
downside to this hybridisation, 
because the distinct naumanni 
and arctica subspecies still exist 
on Spitsbergen and Rost, says 
Kersten. “Having the hybrid puffins 
actually adds genetic diversity,” he 
says. “But there may be situations 
in the future where we lose genetic 
diversity because entire members 
of subspecies are forced to 
interbreed, so you are only 
left with hybrid individuals.” E 
Carissa Wong 
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News 


Farming 


Egg tests may stop chick slaughter 


Billions of unwanted male chicks are killed each year straight after hatching, 
but techniques to sex embryos inside eggs could end this practice, finds Alice Klein 


TECHNOLOGIES for identifying 
the sex of chicken eggs are being 
rolled out in Europe to help end 
the mass culling of male chicks, 
which is still standard practice 
in the US, UK and Australia. 

Farmers only value the females 
of egg-laying chicken breeds, 
because males can’t lay eggs 
and have less meat than broiler 
chickens that are raised for food. 
As a result, billions of males are 
killed straight after hatching 
each year worldwide. 

Recently, some countries have 
sought to end this practice. 
Germany was the first, with a ban 
at the beginning of 2022, followed 
by Austria in July 2022 and France 
at the start of this year. 

To comply with this ban, 
hatcheries in these countries 
have tried rearing the male chicks 
for meat, with limited success, or 
using new tests that determine 
egg sex so that male embryos can 
be terminated before they hatch. 

“The problem with rearing the 
males is that it takes along time 
anda lot of feed to grow them 
to a size where you can actually 
slaughter them, and their meat 
isn't really useable, it’s pretty 
tough,” says Wouter Bruins, 
co-founder of Dutch firm In Ovo, 
one of five companies that have 
recently commercialised tests 
for determining egg sex. 

The In Ovo technology involves 
making a tiny hole in the eggshell 
to extract a drop of fluid. This is 
run through a mass spectrometry 
machine to measure levels ofa 
biomolecule called ASBA, which 
is higher in females. In a recent 
preprint study, Bruins and his 
colleagues showed that this could 
identify the sex of the embryo 
with over 95 per cent accuracy as 


Only female chickens 
(pictured) lay eggs, so male 
chicks tend to be unwanted 
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early as day 9 of egg incubation, 
which normally lasts 21 days for 
chickens (bioRxiv, doi.org/kxjg). 
Importantly, this time period 
is thought to be before chicken 
embryos have the capacity to 
feel pain. A recent study by 
the Technical University of 
Munich in Germany measured 
chicken embryos’ heart rate, 
brain activity, blood pressure 
and movements in response 
to potentially painful stimuli 
like heat and electricity and 
concluded that they didn’t seem 
to feel them until at least day 13. 
Other firms working on egg sex 


95% 


Accuracy of a test to tell the sex 
of a chicken embryo in the egg 


Day 9 


How early the test can be done 
in the 21-day egg incubation 


Day 15 


Point in incubation when chicken 


embryos seem to start feeling pain 


tests include German companies 
PLANTegg and SELEGGT. These 
also extract a small amount of 
fluid from eggs, but instead of 
measuring ASBA levels, they use 
a technique called PCR to identify 
the sex of the embryos based 

on their genetics. 

Then there is Agri Advanced 
Technologies, another German 
company, which uses an imaging 
technique to peer through 
eggshells and see ifan embryo’s 
feathers are brown, meaning it 
is female, or white, meaning it is 
male -although this only works 
for certain breeds. Finally, Orbem, 
also headquartered in Germany, 
performs MRI on eggs to look for 
anatomical differences between 
males and females. 

These tests can all be done 
using automated machines, which 
have now been installed by the 
five companies in 16 hatcheries in 
Germany, France, the Netherlands, 
Norway, Belgium, Italy and Spain. 
Each machine can sort between 
3500 and 20,000 eggs per hour. 

Installing the equipment is 
expensive and the sorting process 
slows down production, but the 
additional costs to consumers 


end up being small - each of the 
different tests adds about 1 euro 
cent per egg, says Bruins. This is 
because every female chick that 

is kept after sorting goes on to 
produce hundreds of eggs that are 
then directed to supermarkets, so 
the extra cost is divided between 
all these eggs, he says. 


Preventing culling 


At the moment, no hatcheries in 
the UK, US or Australia are using 
sex screening to prevent male chick 
culling. The main egg industry 
bodies - United Egg Producers 

in the US, the British Egg Industry 
Council and Egg Farmers of 
Australia -told New Scientist they 
were interested, but were waiting 
for government funding to help 
implement the technologies or for 
more commercially viable options. 

United Egg Producers, for 
example, says ending the culling of 
male chicks is “a priority and is the 
right thing to do”, but a “method 
that meets the food safety, ethical 
standards and scalable solution 
is not yet available”. 

Bruins, however, believes the 
egg industry bodies will change 
their minds once they see these 
technologies working in Europe 
and the costs dropping over time. 

Scientists are also investigating 
other ways to prevent male chick 
culling. For example, a team led 
by Yuval Cinnamon at the Volcani 
Center, an agricultural research 
institute in Israel, has created 
gene-edited hens whose eggs 
don’t develop past an early stage 
ifthey contain male embryos. 
Ifthe technology is approved, 
it could remove the need for 
egg sex screening because the 
modified hens would only be 
able to produce female chicks. I 


For a take on animal friendly, 


lab-grown meat, see|page 2 1 


Palaeontology 


Humans survived on Spanish plateau 
during Earth's last cold snap 


Michael Marshall 


EXCAVATIONS at a rock shelter 
have revealed that humans lived 
in high, remote regions of what is 
now Spain during the coldest part 
of the last glacial period, between 
21,400 and 15,100 years ago. 

High-altitude regions are 
colder and more challenging 
than low-lying zones, but even 
so, the Spanish plateau probably 
“hosted a relatively dense 
human settlement”, says 
Manuel Alcaraz-Castano at the 
University of Alcala in Spain. 

Beginning 2.58 million years 
ago, Earth has been through 
alternating periods of cold 
“glacials”, in which the area 
covered by ice and snow expands, 
and warmer “interglacials” where 
the ice retreats. The last glacial 
period occurred from about 
115,000 to 11,700 years ago. It was 
at its coldest between 26,500 and 
19,000 years ago, a time called the 
last glacial maximum. This posed 
a challenge for modern humans, 
who had arrived in Europe about 
20,000 years earlier. 

Conditions were particularly 
challenging on the meseta, a high- 
altitude plateau in what is now 


MULTIPALEOIBERIA PROJECT TEAM 


The Charco Verde Il site 
nestled in the Piedra 
river valley, Spain 


central Spain. Climate modelling 
by Ariane Burke at the University 
of Montreal in Canada and her 
colleagues concluded that as well as 
being cold and dry, the meseta had 
aunpredictable level of resources, 
making it harder to settle there. 
Nevertheless, people persisted. 
Since 2020, Alcaraz-Castano and 
his colleagues have excavated a site 
on the plateau called Charco Verde 
II in the Piedra river valley. Located 


about 1000 metres above sea level, 
Charco Verde Il is a flat platform 
under an escarpment. Buried in 
the sediments, the team found 
fragments of charcoal from fires, 
animal bones with cut marks and 
signs of having been heated, and 
stone tools including blades and 
scrapers (PLoS One,|doi.org/kxcd). 

Radiocarbon dating suggests 
Charco Verde II was first inhabited 
between 21,400 and 20,800 years 
ago, and the residence ended 
between 16,600 and 15,100 years 
ago. “Occupations at the site were 
recurrent during 5000 years, 
but we still don’t know ifthere 
were prolonged periods where 
the site was not inhabited,” says 
Alcaraz-Castano. 

Preserved pollen and animal 
bones suggest the area was 
dominated by open grasslands, 
dotted with trees, such as juniper, 
and populated by herbivores like 
horses and ibex. Average annual 
temperatures were about 6°C 
lower than today, says Alcaraz- 
Castano, so in winter “ice and 
snow were probably everywhere”. 
However, the summers were 
probably fairly mild. 


Such settlements were made 
possible by a host of behavioural 
skills. “Both fire and clothing were 
regular technologies of Upper 
Palaeolithic hunter-gatherers, 
as were some sorts of dwellings,” 
says Alcaraz-Castano. 

“In the early Upper Palaeolithic, 
people were perfectly capable 
of adapting to very cold 


“In the early Upper 
Palaeolithic, people 
were perfectly capable 
of adapting to the cold” 


environments,” says Burke, who 
wasn't involved in the new study. 

So far, Charco Verde II hasn’t 
yielded direct evidence of 
clothing. However, Burke notes 
that the team did find stone tools 
called burins that were often used 
to create the eyes in needles — 
“which means fine sewing skills 
and tight seams, so waterproof 
and windproof clothing”, she says. 

Social networks were probably 
just as essential for survival, says 
Burke, to “provide people with the 
means to exchange information 
over quite large territories”. I 


Technology 


Fractal fingers could 
let robots securely 
grasp any shape 


A110-year-old patent has inspired 
a robotic hand that can securely grip 
objects of any shape without the 
need for complex motorised joints. 
The inspiration for the device, 
called a fractal vice, dates back 
to 1913, when a now-expired 
US patent was granted on an 
invention for “obtaining intimate 
contact with, engaging, or clamping 
bodies of any shape”. 
The original design consisted of a 


nested arrangement of pivoting 
semi-circles in diminishing sizes, 
each of which could individually 
rotate to form a contour that 
securely grasps any shape. 

Joel Burdick and Malcolm 
Tisdale at the California Institute 
of Technology in Pasadena have 
redesigned the mechanism to 
do away with the curved dovetail 
joints of the original, which would 
clog with detritus and require 
regular maintenance. 

They 3D printed the entire 
mechanism for their fractal vice in 
one go using a combination of rigid 
and flexible plastics, and topped 


MALCOLM TISDALE ET AL. (2023) 


each “fingertip” with two soft 
domes to provide friction (arXiv, 
\doi.org/kxckj. The fractal vice can 
give robots “a third hand for oddball 
shapes”, says Burdick. 

The gripper requires just one 
motor, which moves its two sides 


This robotic hand can 
grab unusually shaped 
objects like scissors 


towards each other and traps 
objects. More complex robotic 
hands designed to do the same 
job would need several jointed 
fingers, all with their own motors. 
Nathan Lepora at the University 
of Bristol, UK, says a drawback 
of the fractal gripper is that even 
though it can securely grab objects, 
it can't manipulate them. “Once 
you've held onto something, that's 
all it does. It just holds it,’ he says. 目 
Matthew Sparkes 
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News 


Health 


Hip pain linked 
toadozen 
genetic variants 


Carissa Wong 


WE NOW have a better 
understanding of which genes 
seem to contribute to hip pain, 
which could one day lead to 
more effective treatments. 

Hip pain is a common problem. 
In the US, for instance, more than 
1 in 10 people aged 60 and above 
report experiencing hip pain most 
days. To understand the role of 
genetics in this condition, Weihua 
Meng at the University of Dundee, 
UK, and his colleagues analysed the 
genetic data of more than 220,000 
white people, aged 40 or older, 
from the UK Biobank study. They 
also looked at survey data in which 
these people reported whether they 
had experienced pain in various 
body parts over the past month. 

From this, the researchers 
pinpointed 12 genetic variants, 
across seven regions of the genome, 
that were strongly associated with 
hip pain. These variants probably 
influence the activity of 17 nearby 
genes, according to the researchers. 

One of these genes, called 
GABRB2, encodes part of a protein 
involved in blocking electrical 
signalling in the brain, affecting 
the perception of pain. Another 
gene, RPRD2, has been previously 
associated with hip osteoarthritis, 
a degenerative joint condition. 

The researchers also found 
a strong overlap in the variants 
linked to both hip pain and 
some other types of discomfort, 
such as neck or shoulder pain 
(medRxiv, doi.org/kxb2). 

“It makes sense that genes that 
are active in the brain, that may help 
process chronic pain generally from 
several parts of the body, would 
be linked to hip pain,” says Frances 
Williams at King’s College London. 

Finding drugs that target 
specific genes and the proteins 
they encode could help people 
in pain, says Williams, but the 
results should be verified ina 
more diverse population. I 
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Environment 


The global power sector has 
almost hit peak emissions 


James Dinneen 


GLOBAL greenhouse gas 
emissions from generating 
electricity would already be 
on the decline this year, were it 
not for drought leading to a shift 
away from hydropower and 
towards fossil fuel generation 
in China, the US and India. 

“The world is teetering 
at the peak of power sector 
emissions,” says Malgorzata 
Wiatros-Motyka at Ember, an 
energy think tank in the UK. 

Generating electricity 
by burning fossil fuels is the 
largest single source of carbon 
emissions, responsible for some 
40 per cent of the global total. 
The rising share of renewable 
energy in the mix has led to 
forecasts that power sector 
emissions could peak as soon as 
this year, a big milestone on the 
way to decarbonisation. But the 
peak hasn’t yet been reached. 

Wiatros-Motyka and her 
colleagues counted emissions 
from the power sector using 
data on electricity generation 


Electricity produced by 
hydropower is down in 
2023 due to droughts 


throughout the first half of 
2023, looking at 78 countries 
representing 92 per cent of 
electricity demand. They 
estimated emissions for other 
countries using historical data. 
According to their report, 
a substantial jump in wind 
and solar generation, as well as 
lower demand for energy, led to 
a decrease in emissions in many 
places. This included a 17 per 


0.2% 


Global power emissions growth 
in the first half of 2023 


cent decline in the European 
Union, a12 per cent decline 
in Japan and an 8.6 per cent 
decline in the US. 

However, emissions in India 
rose by 3.7 per cent, although 
that was less than halfas much 
as they grew in the same period 
last year. And there was a7.9 per 
cent increase in emissions from 


China’s power sector. Despite 
the country’s grid starting 2023 
with emissions below those 

of last year, drought and heat 
waves saw China’s hydropower 


generation drop to record lows, 
prompting a hike in coal use. 

Drought in the US, India 
and several other countries 
also drove a global decline in 
hydropower generation of 
8.5 per cent. “Despite adding 
more hydro capacity, generation 
capacity factors of hydro are not 
going up,” says Wiatros-Motyka, 
pointing to climate change as 
a possible factor behind shifts 
in the water cycle that reduce 
hydropower. “We don’t know 
why it is. Is ita new normal?” 

Minghao Qiu at Stanford 
University in California says he 
is wary about reading too much 
into a single-year decline, but 
says climate change is expected 
to drive changes in hydropower. 
“The magnitude of the global 
total change will probably be 
small, but hydropower supply 
in certain regions will 
decrease dramatically.” 

Overall, the researchers 
found that emissions from the 
global power sector remained 
effectively flat for the first half 
of 2023, increasing by just 
0.2 per cent compared with the 
same period last year. This was 
despite a 12 per cent increase in 
wind and solar generation, as 
well as a fall in energy demand 
in several of the highest energy 
consuming countries due to 
slowing economic activity, 

a mild winter and energy- 
efficiency gains. 

Ifit weren't for the droughts, 
the researchers found that 
emissions from the power 
sector would have fallen by 
nearly 3 per cent this year. 

They may still peak in 2023, 
depending on what happens 
with hydropower and energy 
demand, says Wiatros-Motyka. 
Even ifthe peak doesn’t happen 
this year, it is almost certain to 
happen next year, she says. I 


News In brief 


Physiology 


Classical music can 
synchronise hearts 


THE heartbeats, breathing 
speeds and even degree of 
sweating of people watching a 
classical music concert together 
can become synchronised. 

Wolfgang Tschacher at the 
University of Bern in Switzerland 
and his colleagues made the 
discovery by monitoring 132 people 
as they watched concerts that 
included pieces such as Ludwig van 
Beethoven’s Op. 104 in C minor, 
while wearing body sensors 
during covid-19 social distancing. 

The synchronisation was more 
likely in people who considered 
themselves to be agreeable or 
open (Scientific Reports, 

[kxcz). The synchronisation is 

also likely to happen with other 
music genres and the effect may 
be stronger outside the trial 
setting, says Tschacher. Jason 
Arunn Murugesu 


Astronomy 


Highest-energy light 
seen froma pulsar 


ASTRONOMERS have spotted 
extremely high-energy gamma 
rays coming froma pulsar. 

Pulsars are rapidly rotating 
neutron stars with strong 
magnetic fields. Arache Djannati- 
Atai at Paris Cité University in 
France and his colleagues have 
found that one -the Vela pulsar- 
emits gamma rays with energies 
of more than 20 teraelectronvolts, 
about 20 times more than any 
other known pulsar (Nature 
Astronomy, |doi.org/kxcw). 

There are two models of how 
pulsars accelerate the particles 
of light, or photons, in gamma 
rays, both involving high-energy 
electrons slamming into the 
photons. One says the pulsar’s 
magnetic field accelerates the 
electrons, the other that it is the 
pulsar’s rapid rotation. Neither is 
easily reconciled with such high- 
energy gamma rays. Leah Crane 


Zoology 


We finally 
know how cats 
make deep 
purring sounds 


SCIENTISTS have struggled to 
understand how cats produce a 
low-pitched rumbling sound when 
they purr, but a new study sheds 
some light on the mystery. 

The sound an animal makes is 
typically linked to the size of its 
vocal folds, says Christian Herbst at 
the University of Vienna in Austria. 
Vocal folds are two bands of smooth 
muscle tissue in the larynx, a hollow 
tube in the middle of the neck 
through which air passes to make 
sounds. “Typically, the larger the 
animal, the longer the vocal folds 
and so the lower the frequency of 
sound created,” he says. 

Domestic cats, which weigh just a 
few kilograms, have relatively short 
vocal folds, which they use to make 


high-frequency sounds such as 
meowing and screeching. But that 


doesn't explain purring, says Herbst. 


To investigate, Herbst and his 
colleagues cut out the larynxes of 
eight dead domestic cats that had 
been euthanised due to illness. 

The researchers found that the 
larynxes made a purring sound 
when air was passed through them, 
meaning that muscle contraction 
isn't required. Instead, the sounds 
were made possible by connective 
tissue embedded in the vocal folds 
that lowered the frequency of the 
sounds they produced (Current 
Biology, |doi.org/kxcv). 

However, the results don’t rule 
out the idea that muscle contraction 
may play a role in augmenting 
purring in living cats, says Herbst. 

The reason cats purr is also still 
uncertain. In some cases, purring is 
thought to be a sign of contentment 
and encouragement for further 
interaction. It has also been 
suggested that purring can be 
soothing and can promote healing 
after injury. JAM 
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Chemistry Nobel 
for quantum dots 


The 2023 Nobel prize 

in chemistry has been won 
by Moungi Bawendi, Louis 
Brus and Alexei Ekimov for 
developing quantum dots, 
particles so small that their 
properties are influenced 
by quantum physics. At 
the announcement, flasks 
(pictured) demonstrated 
how dots can emit light 

at different wavelengths. 


Hippos are bad 
at chewing food 


A study of two common 
hippos (Hippopotamus 
amphibius) eating shows 
that the animals’ upper and 
lower incisors interlocked 
while they ate, preventing 
their jaws from moving 
side to side. Although this is 
inefficient for digestion, the 
large incisors may help the 
animals protect themselves 


(PLoS One, doi.org/kxjn). 


Robot helps explain 
flight mystery 


Some insects flap their 
wings faster than their 
brains seem able to control. 
Building tiny robots based 
on insect anatomy that 

can flip between this 
“asynchronous” flight 

and slower flapping shows 
how insects could have 
transitioned between the 
two modes as they evolved 


(Nature ororo}. 
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The quantum world 


Saturday 28 October 2025, 10am -5pm 


Cavendish Conference Centre, London 


Why is the quantum world so strange? How can a theory that predicts 
the world so accurately be completely counter to our intuitions? 


The quantum world is a place where objects can be in two places at once, 
influence each other at opposite sides of the cosmos and nothing is as it 
seems until you measure it. By understanding this weirdness, scientists have 
harnessed quantum’s power through exciting new technologies: the ability 
to communicate with absolute security, computers more powerful than 
anything built before and even quantum teleportation. 


Join us for this one day masterclass to get to grips with quantum theory 
and uncover the frontiers of quantum technology. 


For more information and to book your place, visit: 


newscientist.com/gw109 


Speakers 
include: 


Andrew Boothroyd 
Professor of Physics, 
University of Oxford 


Johnjoe McFadden 
Professor of Molecular Genetics, 
University of Surrey 


James Millen 
Senior Lecturer, 
King's College London 


Ilana Wisby 
CEO, Oxford Ouantum Circuits 


Toby Wiseman 
Professor of Theoretical Physics, 
Imperial College London 
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The columnist Aperture Culture 

Chanda Prescod- Scenes of science and Slowing down to 

Weinstein on the excitement at New take a turtle’s-eye 

quirks of gravity [p22] Scientist Live[p24] view oftime[p28| 
Comment 


Culture columnist 
Sally Adee explores 
a retelling of Orwell's 


classic dystopia 


Fancy some mammoth? 


The lab-grown meat industry needs to perfect and normalise the 
staples before jumping to exotic alternatives, argues Brian Kateman 


ICTURE this: it’s 10 years 
p from now and you are 
deciding what to get for 

lunch. You're stuck between a 
raptor meatball sub or a dodo 
chorizo burrito. It is a delicious 
problem to have -or maybe 
a creepy one. Or both. 

It can be stunning totakea 
step back sometimes and realise 
that we are living in the future. 
Technologies that seemed 
fantastical in movies last century 
are fast becoming part of our 
regular lives. The food tech sector 
is no exception, with start-ups 
making cell-cultivated meat -real 
meat grown from animal cells 
rather than slaughtered animals — 
some of it sourced from stranger 
origins than you might think. 

Start-up Primeval Foods has 
yet to release its creations to the 
public, but it plans to specialise 
in “exotic” cell-cultivated meats 
that most people would otherwise 
never have the chance to try, like 
tiger and zebra. Earlier this year, 
Vow Foods created a meatball 
using DNA imitating that ofa 
woolly mammoth. It is on display 
in a Dutch museum, not making 
its way into anyone’s melty Italian 
subs (yet), but it was an attention- 
grabbing moment for the nascent 
cultivated meat industry and was 
featured in the press worldwide. 

In July, The Atlantic published a 
piece on the state of cell-cultivated 
meat as a consumer product. The 
article was titled “Open your mind 
to unicorn meat”, pointing to the 
sorts of hybrid meats that some 
are interested in creating, which 
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would combine the most delicious 
qualities of different animals. 

As an advocate of cellular 
agriculture, the framing of 
cell-cultivated meat as a science 
experiment concerns me. Sure, 
the idea of mammoth meatballs 
anda steak with, as The Atlantic 
put it, “the density of flavor 
of an Oreo” are interesting to 
think about from a scientific 
perspective, but will those 
descriptions make the average 
person’s mouth water? I think not. 

To the industry’s credit, there 
are more grounded projects in the 
works too, like the cell-cultivated 
chicken breast from Upside Foods, 


which recently cleared all 
regulatory hurdles in the US 
and is now on sale at Bar Crenn 
in San Francisco. But when the 
industry presents itself to the 
public through attention-grabbing 
headlines about mammoth meat, 
it isn’t doing itself any favours. 
Perception is a major concern 
when trying to introduce the 
public to new foods. A study last 
year found that cell-cultivated 
meat is “viewed negatively on 
all attributes except animal 
friendliness”, including its 
perceived safety, healthiness and 
enjoyability. The result? Only one- 
quarter of consumers indicated 


Letters 
Readers debate 
the vexing question 


of free will[p31 ] 


a willingness to eat cell-cultivated 
chicken and beef. We really need 
to sell people on cell-cultivated 
meat, because behind all the 
culinary imagination, there lies 

a pressing issue: the need to end 
industrial animal agriculture. 

Every year in the US alone, 
around 10 billion land animals 
are slaughtered within the factory 
farm system. Industrial animal 
agriculture is responsible not only 
for acts of animal cruelty, but for 
environmental degradation that 
affects entire ecosystems and for 
major public health threats like 
zoonotic diseases (those that jump 
from animal to human hosts). 
Ending our reliance on industrial 
animal agriculture to feed the 
world can’t be a far-off goal. 

So, lam all for innovation, but 
these far-flung ideas shouldn’t be 
the face of the cell-cultivated meat 
movement, at least not until the 
cell-cultivated versions of staple 
foods like chicken, pork and beef 
have been perfected and, more 
importantly, normalised. Plus, 
they need to be climate-friendly. 

Ifthe goal is to provide an 
animal-friendly, eco-friendly, 
safer alternative that consumers 
are happy to replace their meat 
with, we probably shouldn't be 
encouraging a mental association 
between cell-cultivated meat 
and, well, science experiments. II 


Brian Kateman is a 

writer and founder of the 
Reducetarian Foundation, 
working to reduce the 
use of animal products 
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Chanda Prescod-Weinstein 

is an associate professor 

of physics and astronomy, 
and a core faculty member 

in women’s studies at the 
University of New Hampshire. 
Her most recent book is The 
Disordered Cosmos: A journey 
into dark matter, spacetime, 
and dreams deferred 


Chanda's week 


What I’m reading 
I’m quite enjoying 
Shark Heart: A love 
story by Emily Habeck. 


What I’m watching 
Im on a Tom Cruise 
kick (again). 


What I’m working on 
How to strike a balance 
between being a good 
advocate and taking 
care of my health. 


This column appears 
monthly. Up next week: 
Graham Lawton 
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Field notes from space-time 


How the balloon analogy is almost perfect If space-time is 
expanding, then why does gravity seem to pull things together? 
Physics can be weird, says Chanda Prescod-Weinstein 


OST people have 
M probably heard that the 
universe is expanding. 


Certainly New Scientist readers 
have, because I keep writing about 
itin this column. It is perhaps easy 
to accept the statement that the 
universe is expanding without 
thinking too deeply about it. It is 
just some weird physics indicating 
that, as time goes on, galaxies get 
further away from each other. 

Or maybe you have heard the 

old race car analogy, that galaxies 
moving apart are like two cars 
racing away from each other. 

I personally detest the race car 
analogy and prefer the balloon 
with slightly magical dots. In this 
scenario, there are dots all over 
a balloon that is yet to be blown 
up. When we blow it up in real life, 
the dots would increase in size. 

In this analogy, let’s assume they 
don’t. What we are interested in is 
how the distance between the dots 
on the surface of the balloon grows 
as we put more air into it. Here, the 
dots aren’t racing away from each 
other. The balloon is expanding 
between them, increasing the 
distance that separates them. 

This is a pretty good analogy 
that relies somewhat on our 
geometric sensibilities. By this, 
Imean it relies on our sense of 
shapes and how they change 
over time. At its core, what we 
are trying to develop an intuition 
for is how we measure distances. 
This is also the fundamental 
goal of general relativity, Albert 
Einstein’s theory of gravity. 

In general relativity, the most 
important piece of information 
is what we call the metric. This is 
an equation that describes how 
distances are measured, and 
therefore also tells us about 

the shape space-time is taking. 

The whole idea that space-time 
is expanding was first noticed as 
a mathematical consequence of 


general relativity by Georges 
Lemaitre in 1927, when he solved 
Einstein’s equation and founda 
solution for the metric showing 
that distances grow with time. 
It became clear two years later 
that the universe we live in is 
governed by such a solution 
when astronomer Edwin Hubble 
noticed that galaxies appeared 
to be racing away from each 
other. Lemaitre’s work provided 
a theoretical explanation for this 
empirical data: the yardstick for 
measuring cosmic distance was 
itself changing with time. 

What is delightful about this 
realisation is it means we can quite 


“I detest the race 
car analogy for an 
expanding universe 
and prefer the 
balloon with slightly 
magical dots” 


reasonably say that space-time’s 
expansion is a gravitational effect! 
I enjoy this because it is so deeply 
counterintuitive to our usual 
understanding of gravity, which 
teaches us that it is a force that 
always draws things together. 
But in the scenario where 

gravity is a geometric effect, 

we are offered a broader range 

of gravitational possibilities. 

It is worth noting that the 
geometric interpretation of 
general relativity hasn't been 
universally popular. The late 
physicist Steven Weinberg, 
whom I admired deeply, wrote in 
his 1972 textbook on the subject 
that “the geometric interpretation 
of the theory of gravitation has 
dwindled to a mere analogy, which 
lingers in our language in terms 
like ‘metric’... but is otherwise 
not very useful”. I giggled while 
writing this up because, of course, 
I have just told you that calculating 


the metric-the distance 
measure-is the most important 
thing in general relativity, and 
here is a Nobel laureate saying it 
is a tepid analogy. In my defence, 
Weinberg goes on to say his views 
are “heterodox” and that most 
people would disagree with him. 
There is another challenge 
with the balloon analogy and our 
reliance on geometric intuition. 
If space-time is expanding, then 
why does gravity seem to pull 
things together in many, ifnot 
all, situations? We usually fudge 
things a bit by saying, “Oh, it’s just 
on large scales”. This sounds very 
smart, and it’s true. But it isn’t all 
that helpful to the non-specialist, 
Isuppose. In fact, a reader wrote 
in to ask me why the expansion 
doesn’t operate on the local level. 
This is a question that takes me 
back to my days as a PhD student, 
when 1 was tasked with doing a 
calculation that it turns out I 
could have looked up in a textbook: 
the exact moment where local 
gravitational effects due to the 
presence of massive objects is so 
high that they overtake the large- 
scale expansion effects. This leads 
to mass clumping into objects 
that form structures like stars 
and galaxies — and, eventually, us. 
The calculation where space- 
time is only expanding and this 
is the only gravitational effect at 
play is a very idealised scenario 
where matter was initially spread 
out perfectly evenly across the 
universe. In reality, tiny quantum 
fluctuations caused a little bit 
more matter to accumulate in 
some places and a little bit less in 
others. Those fluctuations in the 
early universe caused clumping of 
mass through local gravitational 
effects, which can overcome what 
we call the background expansion. 
And a good thing too, because 
that is what makes it possible for 
us to be here to talk about it. I 
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Aperture 


Out of this world 


Photographer Adam Warner 


FROM the very large to the very small, 
from inside your body to the furthest 
reaches of the universe, there was a 
smorgasbord of ideas and discoveries to 
explore at New Scientist Live, the world’s 
biggest and best festival of science and 
technology, on 7 to 9 October. 

We heard from Alice Roberts on 
archaeology, Hamza Yassin on wildlife 
filming and Tim Gregory on meteorites, 
as well as talks on psychedelic drugs 
(see[page 13), the birth of galaxies (see 
and predictions about which 


of the greatest scientific mysteries will 
be solved in the next century. 

In between talks, visitors could be 
hugged by aselfie-taking robot, take 
a Formula E race car for a virtual spin 
round the track or have a huge stick insect 
clamber over their face. They could even 
visit Mars — kind of. That is, they could take 
in an enormous, revolving, softly glowing 
model of the Red Planet, built by UK artist 
Luke Jerram, while learning how to drive 
mini Mars landers and repeating NASA 
studies of Martian soil. 

There were plenty more ways to get 
your hands dirty, including building 
air-powered model trains and learning 
coding to control NAO, a knee-high robot 
with some slick, Gangnam Style dance 
moves. Other life skills to tick off your 
bucket list included microscopy, flint 
knapping and building a dug-out canoe. 

For a mind-blowing finale on Schools’ 
Day, thousands of children heard from 
astronaut Andreas Mogensen ina live 
link-up with the International Space 
Station about what it is like to live - 
and do science - hundreds of kilometres 
above Earth. Mogensen talked about the 
downsides of space station life, from 
missing family to drinking recycled urine, 
as well as the upsides, like looking down 
on shooting stars. “When you go to the 
window and look down at our beautiful 
planet, you’re just awe-struck,” he said. 

For another dose of awe-inspiring 
science at next year’s show, held on 
12 to 14 October 2024, tickets are now 
available at super early bird rates. 


Clare Wilson 
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Ma 


ENGE GTA 


Super early bird offer 


newscientist.com/2024tickets| 


1. Artist Luke Jerram's about life behind the lens 
huge model of Mars 3. Saying hi to Middlesex 
2.Presenter, wildlife camera University's robot Bertie 
operator and Strictly Come 4. Taking blood from a 
Dancing champion Hamza fake arm on the Medical 
Yassin tells a packed crowd Mavericks stand > 
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5. Author Claudia 
Hammond reflects on 
all things mind and body 
with J. Spooner from the 
Unlimited Space Agency 
on the Engage Stage 

6. A Formula E racing 
car at the Envision 
Racing stand 

7. A lively stick insect, 
courtesy of the Royal 
Entomological Society 
8. Anthropologist Alice 


Roberts tells the history 
of Britain through burials 
9. Trying out an ejector 
seat with Martin-Baker 
Aircraft Company 

10. Doctor Chris 

van Tulleken on what 
ultra-processed food 

is doing to our bodies 
and to the world 

11. Spider-Man tries a 
new look at the National 
Space Centre's stand 
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Views Culture 


Heroes in a half shell 


Turtles have existed for around 250 million years. These ancient, unhurried 
reptiles have much to teach us about the nature of time, discovers Elle Hunt 


G 


Book 

Of Time and Turtles 
Sy Montgomery 

Mariner Books 


CONSIDER the tortoise: dating 
back to the first dinosaurs, 
routinely outliving all but the 
oldest humans, a symbol since 
Aesop’s time of stability and 
consistency. Amid widespread 
complaints about the pace 
of modern life, what do these 
ancient beings have to teach us? 
That is the question posed by 
Sy Montgomery in her new book, 
Of Time and Turtles: Mending the 
world, shell by shattered shell, a 
colourful, compassionate and 
often inspiring mix ofnature 
writing, on-the-ground reporting 
and philosophic reflection. 
Montgomery is a well-regarded 
and prolific chronicler of animals, 
in particular those that are often 
overlooked or undersung, such as 
hummingbirds, hyenas and the 
pink river dolphin of the Amazon. 
With seemingly boundless 
curiosity, she approaches her 
subjects as opportunities to learn 
about the natural world and our 
part within it. Her 2015 book The 


Soul of an Octopus was a bestseller 


and preempted mainstream 
fascination with the otherness 
of cephalopods, published five 
years before the Oscar-winning 


documentary My Octopus Teacher. 


Now, she turns her interest to 
turtles (inclusive of tortoises 
and terrapins, though used 
interchangeably in the book, 
as is typical in North America) 
to uncover what we can learn 
from these “ancient, unhurried 
and long-lived” reptiles. 
Montgomery’s study 
begins in early 2020, when 
she embedded with the Turtle 
Rescue League (TRL), a small 
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non-profit organisation based 

in Massachusetts with the stated 

mission of keeping turtles “a part 

of the future, not a thing ofthe 

past”. The operation is a labour of 

love, with demand -- from reptiles 

struck by cars, mauled by dogs or 

otherwise in crisis - far exceeding 

resources. Montgomery’s 

portraits of the people who 

have dedicated their lives (not to 

mention their homes) to turtles in 

peril are testament to the impact 

that a handful of individuals 

can have on thousands of lives. 
She likewise captures the 

great charm ofthese creatures. 

The 150-odd reptiles residing at 

the TRLS sanctuary are as much 

a part of the book’s cast of 

characters as their human helpers, 

with Montgomery skilfully 

representing many of them 

as individuals without undue 

anthropomorphism (though 

her occasional reveries on the 


spiritual symbolism of slow- 

moving “turtle time” may test the 

limits of some readers’ patience). 
Fire Chief—a gigantic snapping 

turtle in his seventh or eighth 

decade, weighing close to 

20 kilograms (44 pounds) — 


stands out for his own rewarding 
narrative arc, as Montgomery 
tracks his recovery from a 
broken spine, complete with 

a stint in a wheelchair. 

What makes Of Time and Turtles 
more broadly resonant, and 
perhaps the most timely entry into 
Montgomery’s extensive body of 
work, is the context in which it has 
been published. Since the start of 
the covid-19 pandemic, many of 
us have reported changes in our 


“Turtles can recover 
from more or less 
any injury, given 
sufficient time and 
appropriate care” 


experience of time, from the 
monotonous blur of the lockdowns 
to the sense, as evinced by the 
so-called “Great Resignation” of 
stressed-out workers reassessing 
what they want from life, that we 
must make the most of the days 
we have. Turtles — having existed 
on Earth for around 250 million 
years, with many individuals 
routinely living past 100 years 
old-are an unexpected but apt 


way into questions about pace of 
life versus peace of mind that may 
be of concern for many of us. 

As Montgomery demonstrates 
ina series of set pieces (two words: 
turtle CPR), turtles can recover 
from more or less any setback 
or injury given sufficient time, 
suitable conditions and 
appropriate care. They are slow 
even to die, their brains and hearts 
continuing to function even after 
being deprived of oxygen. For that 
reason, the TRL only ever declares 
a tortoise dead once there is 
evidence of rigor mortis or 
decomposition. “We never give up 
ona turtle,” declares its co-founder 
and president, Alexxia Bell. 

In Montgomery’s inspiring, 
moving book, set against a 
backdrop of civil rights protests, 
democratic disarray and climate 
crisis, turtles and those who 
protect them emerge as a symbol 
of the healing that is possible 
with persistence, perspicacity and 
patience —as well as of what might 
be lost if we continue hurtling 
down our current path. ៥ 


Elle Hunt is a writer 
based in Norwich, UK 


Sy Montgomery 
and illustrator 
Matt Patterson 
witha 

snapping turtle 


New Scientist 
recommends 


Under the influence 


Ina vital read, ajournalist goes behind the scenes of the creator 
economy to trace its meteoric rise, says Chris Stokel-Walker 
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But the biggest impact of the 
past 20 years of technology is 
arguably neither of these, but 
the birth of the "creator", an entirely 


new form of job. Part celebrity, part We hear how creators - who, in still trying to get to grips with the humans have spread 
film producer and part hard-nosed their short history, have previously idea that their children willingly throughout the universe, 
businessperson, creators post on been called cewebrities, influencers spend hours following an ultra-rich finding (and creating) 
social platforms like Instagram, and a good number of other names teenager who bombards them with other sentient species 


YouTube and TikTok, often in 
exchange for money. The creator 
economy is worth $250 billion, 
according to Goldman Sachs; little 
wonder, then, one survey found 
more children in the UK and the 
US want to be YouTubers than 
astronauts these days. 

Buoyed by an audience of 
billions, platforms yearning for new 
content, and vast reserves of cash, 
the creator economy has grown 
prodigiously fast, as this first pass 


at documenting its history shows. utilising her encyclopedic for which she had a near front-row John Boyega (pictured 
Taylor Lorenz is the leading knowledge of the space. She view. But trying to write a first draft above) and Teyonah 
journalist covering the creator convincingly weaves a narrative of history is never easy, and itis Parris showing off their 


economy, deciphering the fast- 
moving, emerging space for The 
Washington Post. In Extremely 
Online: The untold story of fame, 
influence, and power on the 
internet, she tells of how the 
platforms that dominate our 
societies were set up, through 
the stories of the people on 
them. Most of these aren't, 
despite her subtitle, untold, 


but are recontextualised from the 
churn of daily news reporting - 
which makes their inclusion in 
the book all the more important. 


besides - grew rich from their 
online fame and, in some instances, 
turned against the platforms 
that made them. Most notably, 
a group of young creators on Vine, 
a short-form video app that 
predated TikTok, practically held 
the platform to ransom, demanding 
$1.2 million each for posting 
a handful of videos a week. 

Lorenz also digs deeper into 
less-covered elements of the 
evolution of the creator industry, 


starting from mommy bloggers 
beginning to realise their worth 

in the early 2000s to the preened 
creator celebrities of today, who 
have better brand recognition 
among the younger generations 
than some Hollywood stars. 

The book works on two fronts: 
for those well versed in the broad 
brushstrokes of the history of 
creators, Lorenz unearths nuggets 


of information not previously 
reported and draws links between 
totemic moments and lesser-known 
issues that led up to them. For those 


nothing more than promotional 
plugs for products, Lorenz offers 
the chance to better understand 
what drives the creator economy. 
Distilling 20 years of drama 
and the emergence of an entirely 
new industry into 300 pages was 
always going to be tricky. At times, 
you yearn for more colour to make 
the global shift in economy and 
culture more human - something 
Lorenz is strongest at when 
recounting the collapse of Vine, 


made even harder by dint of the fact 
that the internet moves quickly and 
book publishing moves slowly. 

This book does a very capable job 
of overcoming both challenges and 
is vital reading for anyone trying to 
understand the world - both online 
and offline - in the present day. I 


Chris Stokel-Walker is a technology 
writer based in Newcastle, UK 


the distant future, when 


as they go. There are 
spiders with astonishing 
humanity, octopuses 


who communicate 


through colours rippling 
over their skin and all 


sorts of adventures. 


| also recently watched 
They Cloned Tyrone on 
Netflix - itis a sci-fi take 
on the blaxploitation 
genre, featuring Jamie 
Foxx in his element, plus 


range. Describing it too 
much would probably 
spoil it, So suffice to say it 
is a thriller about cloning 
and mind control, with 
aheavy undertone of 
allegory. It is beautifully 
shot, fast-paced and 
bolstered by some really 
great performances. 
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Views Culture 


The books column 


Doubleplusgood The sequel to Nineteen Eighty-Four, told from the perspective 
of the woman at the original’s heart, is brilliant but devastating - not least because 
it reminds us how relevant George Orwell's dystopia still is, says Sally Adee 


Sally Adee is a technology 
and science writer based 
in London. Follow her 

on Twitter @sally_adee 


G 


Book 

Julia 

Sandra Newman 

Granta Books (19 October 
UK; 24 October US) 


Sally also 
recommends... 


Book 

Nineteen Eighty-Four 
George Orwell 

Penguin 

The book that shaped our 
understanding of nightmare 
futures and is claimed by 
everyone of every political 
persuasion as their own. 
Read it and join the Party! 
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ENTERTAINMENT PICTURES/ALAMY 


WHEN Julia first arrives in London, 
her mind must rearrange itself 
around her new life under the 
ubiquitous telescreens. “She’d 
started out feeling self-conscious 
and important, panicked by every 
careless word and proud of every 
Partyful comment" 

Fans of Nineteen Eighty-Four 
will have spotted the Newspeak of 
Oceania, the totalitarian state that 


surveilled its citizens’ every twitch «ក avilling that women 

in George Orwell’s novel. In the have it harder isn’t 

original, mononymous Julia was 。 。 

the love interest of a man fighting the point of this book. 
It is more like cover for 


to preserve truth against the 
totalitarian impulse to make the deeper message” 


subjugated citizens agree that 
2+2=5.But 75 years later, the 
Orwell estate all but anointed 
Sandra Newmanas his successor. 
With its blessing, she wrote Julia. 
In this new telling, Julia 
Worthing has a name and story 
of her own. Part of that story is it harder isn’t the point of this 
to re-evaluate noble Winston book. It is more like cover for the 
Smith through her eyes. Thisbook deeper message. One level down 
punctures the self-mythologising from the obvious, Julia is a chilling 
ofa man who marches to his examination of why, still, Orwell’s 
fate for a chance to preserve his dystopia retains its resonance. 
ideals. Through Julia’s eyes, we Totalitarian rule never starts 
see a self-regarding man-child that way. Julia’s mother recalls 


in an overlarge revolutionary 
costume that gets him needlessly 
caught in the machinery of the 
Ministry of Love. 

No one is spared in the 
reassessment. Newman shows 
how pompously men can assert 
high-minded ideals, even as they 
bend them into the service of far 
cannier objectives: the socialist 


ruling class who call themselves 

the Inner Party, Julia sees, never 

have wives over 30. “As soonas 

she starts to lose her looks, the 

wife becomes a thought-criminal.” 
But cavilling that women have 


Julia (Suzanna Hamilton) 
and Winston (John Hurt) 
in the 1984 adaptation 


idealistic young men, before 
they figured out how lucrative 
socialism could be. “It wasn’t 
about Big Brother then, or any 
other particular man -that was 
rather the point, I thought,” she 
tells Julia. “But once they had 
power- well, then it was a throne 
and all fought for the throne.” 

Julia’s unspeakable childhood 
has turned her into a scrappy, 
amoral survivor. After a life spent 
tap-dancing through a world of 
“keen-eyed informers”, and all 
those screens, “what was left was 
a set of habits, a personality that 
was a compendium of behaviours 
the watchers wanted to see”. Her 
instinct for who she needs to be 
for the screens is so precise, her 
performances almost convince 
herself. But new demands for ever 
more self-abasing demonstrations 
of fealty never stop coming. 

Julia is a devastating read — it is 
no spoiler to say Nineteen Eighty- 
Four didn’t end well, and Julia’s 
experience is even worse for 
her cynicism: even the canniest 
player can only lose this game. 

But Newman is so virtuosic, 
this book won't let you put it 
down. This isn’t just because of 
her skill. There is never even the 
most fleeting impression you are 
rereading a story written last 
century. Screens watch us today 
too -now in numbers that far 
surpass the Inner Party’s— but the 
interests behind them are myriad 
and opaque. What will they want 
next? We can’t know, just as Julia’s 
mother didn’t know. All we know 
for certain is whatever comes next 
will retain a basic feature Orwell 
understood all too well. “If you 
want a picture of the future, 
imagine a boot stamping on 
a human face -for ever.” I 


Views Your letters 


Editor’s pick 


On the vexed question of 
the existence of free will 


30 September, p 32 
From Michael Elstob, 
Bellingdon, Buckinghamshire, UK 
Agency alone isn't enough for 
free will. A self-driving car has a 
sophisticated form of agency, but 
no free will. What is needed for free 
willis creative agency: the capacity 
of an agent to create its own goals 
and means for pursuing them. 
These are created when they 
aren't prefigured to arise within the 
agent. And they are self-directed 
creations when the creative process 
is stimulated and guided (but not 
determined) by the agent's interests 
and concerns, and by it using its 
various cognitive and other powers. 
The problem is that self-directed 
creation doesn't seem to fit with 
our present scientific understanding 
of how the world works. However, 
a scientifically acceptable account 
may be produced by starting with 
what we already tacitly accept in 
our everyday life (and in science) - 
namely, that many changes occur 
independently of one another. 
From Frank Webster, 
Guildford, Surrey, UK 
Debating free will, or the lack of 
it, by reference to neuroscience is 
a category error. Neuroscience is 
a scientific discipline; free willis a 
philosophical, moral and religious 
concept. Brains make decisions and 
there is no ghost in the machine. 


From Richard Turner, 

Beverley, East Yorkshire, UK 

What I do is influenced by external 
events, not controlled by them. 
For instance, I can decide what 

to do based on a coin toss and no 
amount of physics could predict 
how that will turn out. IfI decide 
what to do without tossing a coin, 
the outcome is still influenced by 
chance. This is surely free will. 


From Richard Taylor, 
Guildford, Surrey, UK 
Your article claims that some 


people worry about judging 
criminals unfairly ifthere is no 
free will, meaning their crimes 
were predetermined. But ifthe 
crime was predetermined, then 
so is the judgment. Worry not, 
determinism isn’t something 
that just happens to other people! 


Killer heatwaves are about 
far more than our survival 


16 September, p 8 

From Rafe Culpin, London, UK 

In the article “Risk of mass deaths 
in heatwaves”, you describe the 
threat to humans of exceeding the 
maximum survivable wet-bulb 
temperature and mention that 
this can be mitigated by, for 
instance, being in a cool building. 

But there is no mention of other 
species. Animals and plants must 
all have their own temperature 
limits. Even if we can survive an 
extreme heatwave, entire species 
could go locally extinct. You can’t 
puta forest in a cool building 
or air condition a landscape. 

The surviving humans may find 
crops and domesticated animals 
dying or the local ecology badly 
damaged. Considering only the 
effects on us could miss major 
heat-related problems. 


Get ready to greet slug- 
like visitors from afar 


30 September, p 29 

From Philip Belben, 

Nettlebridge, Somerset, UK 

You reviewed Raymond Hickey’s 
book Life and Language Beyond 
Earth, mentioning his prediction 
that aliens will be humanoid, based 
on a need for locomotion and 
manipulation. This reminds me 
of author Larry Niven’s argument 
that most extraterrestrials will be 
bipeds that traced their ancestry 
toa fish-like being that emerged 


from the sea and had to work 
with its basic body plan: the fins 
evolving into four limbs. 
However, when we look beyond 
vertebrates at the body plans in, 
say, molluscs or arthropods -- 
which have solved the problems 
of locomotion and manipulation 
in and out of water in many ways, 
with many sorts and numbers of 
limbs -I suspect humanoid aliens 
will be comparatively rare, even 
among space-faring species. 


Can talk about stereotypes 
also be causing harm? 


23 September, p 33 
From Michael Crowe, 
Canberra, ACT, Australia 
Lucy Foulkes discusses possible 
downsides of “the language of 
vulnerability and victimhood and 
harm” creeping into everyday life, 
saying this could actually make us 
feel worse. I was reminded of 1997 
research on the impact of certain 
stereotypes on performance. 

In this case, college women 
did just as well as men in a maths 
test —ifthey weren’t reminded 
about gender stereotypes around 
the subject. This also suggests 
one reason why women are under- 
represented in science, technology, 
engineering and mathematics — 
nothing to do with skill sets, much 
more to do with the presence of 
stereotypes. This begs a question: 
isn’t it time to change the tone 
of the conversation when we are 
encouraging diversity in STEM? 


No wonder all the brain 
is involved in language 


23 September, p 6 

From Ted Cloak, 

Albuquerque, New Mexico, US 
Ofcourse the whole brain is used 
in language. The human brain, the 
most complicated structure in the 
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known universe, evolved. Had 

it been designed, we might find 
nice separate compartments for 
language, motion, thought and 
so on. But evolution is utterly 
opportunistic. Any genetic 
mutation thatincreased our 
capacity for language, even a little 
bit, had achance to be adopted, 
no matter where it took effect. 


The only climate case is 
for greater action, not less 


30 September, p 13 
From Bryn Glover, Kirkby 
Malzeard, North Yorkshire, UK 
The critique of UK prime minister 
Rishi Sunak’s watering down of 
climate policies was well received, 
particularly in conjunction with 
the interview in the same issue 
with Simon Sharpe on how to 
speed up decarbonisation (p 37). 
Sunak’s stance can be countered 
with a simple piece of logic. Every 
criterion of humanity’s activities — 
including the nine “planetary 
boundaries” (with the possible 
exception of the ozone layer) — 
has steadily worsened over recent 
decades, despite everything we 
claim to be doing. What we need 
is a redoubling of our efforts. To 
suggest that, as “world leaders”, 
the UK can afford to ease off is 
fatuous and irrational, and flies 
in the face of any scientific logic. 


The one thing most 
politicians want to know 


Letters, 16 September 

From Martin van Raay, 
Culemborg, The Netherlands 
William Hughes-Games asks why 
politicians haven’t done more to 
stop climate change. Being a local 
politician, I can offer some insight. 
Most politicians are “people 
persons”. They aren’t versed in 
science and some even prefer gut 
feelings above facts. As a scientist 
speaking to a politician, you don’t 
want to explain a problem in all 
its details and caveats, but offer 
the solution in clear terms. This 

is what most politicians want 

to know: what should I do? I 
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find evidence of other universes, it looks 

surprisingly modest. As Zoran Hadzibabic 
walks me into the lab, it feels more likea 
classroom, complete with linoleum floors, 
fluorescent lighting and a whiteboard with 
scribbled equations. And yet it is here, in 
amongst the tangle of stainless-steel chambers 
and brightly coloured wires set ona raised 
platform, that researchers are trying to replicate 
the primordial quantum bubbling that may 
have created our universe in a vast multiverse. 

The idea that our universe is just one of many 
is among the most captivating in physics, and 
the logic seems sound enough, in the sense 
that the idea is itselfan outgrowth of widely 
accepted theories about how the cosmos came 
to be what we see today. But there also happens 
to be zero empirical evidence for its existence — 
which is where Hadzibabic’s experiment at the 
University of Cambridge comes in. 

The researchers are betting that if we can cool 
and manipulate potassium atoms to extremely 
low temperatures, when tiny bubbles should 
form spontaneously, we will have a proxy for 
the otherwise unobservable processes thought 


F ORan experiment designed to help us 


Finding the 


to have sired new universes. By studying those 
bubbles, we could glean fresh clues as to how 
any past collisions between our universe and 
others would leave a mark that we might 
plausibly hunt down in astronomical data. 

“The absolute dream would be that 
there’s something in the sky that we observed 
which confirms what we predicted in this 
experiment,” says Matt Johnson, a theoretical 
physicist at the Perimeter Institute in Canada. 

To be clear, what we are talking about here 
is the inflationary multiverse. This is not to 
be confused with the quantum multiverse, 
predicted by the “many worlds” interpretation 
of quantum theory, which says that every time 
we observe a quantum object, and so collapse 
a cloud of probabilities regarding its properties 
into something definite, all the possible 
outcomes persist in parallel universes. 

The inflationary multiverse is different. The 
idea took shape in the 1980s, when physicists 
Andrei Linde and Alan Guth sought to make 
sense of observations showing that the 
afterglow of the big bang, known as the 
cosmic microwave background (CMB), was 
inexplicably uniform. They proposed that 


multiverse 


Our cosmos may bear scars of collisions with 
other universes. We are finally poised to test 
this idea by observing exotic quantum matter 
in the lab, says Miriam Frankel 


the universe expanded exponentially in its 
first split second, a period known as inflation. 
But as they explored the idea further, they 
realised that inflation is unlikely to have 
happened just once and stopped. Instead, 

it could have stopped in our universe but 
continued happening elsewhere, creating 

an infinite number of “bubble” universes. 

The inflating space between these bubble 
universes would quickly hurl them apart, so 
they had little chance of interacting. But if 
the baby universes formed sufficiently close 
together, the idea says, they could have 
collided before being separated -which 
suggests we could find evidence of these 
collisions, presumably as some sort of marks 
or “scars” left behind, in our own universe. 

But how do you even go about looking for 
them? Cosmologists have pursued various 
ways to find evidence for this multiverse 
over the years. Some are even trying to do 
it without any observations (see “What are 
the odds?” [page 34). But most cosmologists 
agree that the best place to look is the CMB. 

In other words, you look to the sky. 

In 2011, Johnson, along with Hiranya Peiris at 
University College London and her colleagues, 
showed that colliding bubble universes should 
leave circle-shaped scars in the CMB. They 
created an algorithm to comb previous images 
of the CMB for such imprints. What they found 
was promising: four patches of the sky were 
compatible with the shape of collision 
imprints. It was exciting, but not evidence. 

“There were uncertainties in our tests,” says 
Peiris — namely the rate at which new bubble 
universes should form and the probability that 
they would collide. “We had to assume very 
wide ranges for those parameters,’ she says, 
resulting in large theoretical uncertainty. To 
reduce that and to improve their predictions, 
Peiris and Johnson need a better grasp of the 
finer points of the underlying idea regarding 
the process of how universes are actually born. 

The hope is that Hadzibabic’s experiment 
can help with that. To understand how, we 
first need to get to grips with the strange 
world of quantum theory, the laws that 
govern the behaviour of nature’s most 
fundamental components, and how it 
applies to the formation of universes. 

In quantum theory, the lowest possible 
energy state for space-time -the stage on 
which everything there is plays out, including 
our possible multiverse —is called a vacuum. 
But if the space between universes is 
constantly inflating, it can’t be a true vacuum. 
Instead, there must be some inherent energy 
driving the expansion. Quantum field > 
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“Several bubble 
universes clashing 
at once might 
make gravitational 
waves” 


theory, a mathematical framework combining 
quantum theory and Albert Einstein’s theory 
of special relativity, suggests more than one 
vacuum state exists, but that most are “false” — 
that is, not the lowest possible energy. 

As nature always strives to reduce its energy, 
a false vacuum isn't fully stable. It is said to 
be “metastable”. And inthe quantum realm, 
things can mysteriously “tunnel” to a lower 
energy state — akin to a marble in one valley 
suddenly appearing in the neighbouring one 
without having gone over the hill between. 

Cosmologists care about these quantum 
processes, known as false vacuum decay, 
because they could explain how the universe 
began, and how other universes may have 
begun too. Our observations of the start of our 
universe, including its early rapid expansion, 
are consistent with it starting offas a bubble. 
This would have involved the cosmos 
tunnelling to a lower-energy state, a process 
physicists call a phase transition, before 
eventually reaching a true vacuum. 

The trouble is that we can’t know for sure. 
The best support we have for this hypothetical 


What are the odds? 


One group of physicists hopes to 
test whether the multiverse exists 
(see main story) without having to 
directly observe it. The research, 
led by McCullen Sandora at the 

Blue Marble Space Institute of 
Science, takes a statistical approach. 

The idea behind it is simple: if 
the physical laws or constants in 
the universe were slightly different - 
prohibiting production of carbon, for 
example - life as we know it wouldn't 
exist. It seems odd that we should 
be so lucky: our universe seems 
mysteriously fine-tuned for life. 

But the multiverse offers a sensible 
solution to this problem. In an infinite 
multiverse, a few universes should, 
statistically speaking, have the 
conditions necessary to support life, 
however unusual those conditions 
may be. Ours just happens to be one. 

Such views make strong 
assumptions about what life needs, 
so Sandora has turned the argument 
into a testable prediction. “If life 
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doesn't need carbon, then there'd be 
no reason we'd be in a universe that’s 
so good at making it,” he says. “We'd 
have a much greater chance of finding 
ourselves in just a more typical 
universe that does not contain 
such a high carbon abundance.” 
Sandora and his team have now 
made more than a dozen such tests, 
including whether complex life requires 
photosynthesis and if large moons are 
necessary for complex life to emerge 
on planets. If we find that life in the 
universe doesn’t adhere to these 
predictions, it would make us an 
outlier. This slashes the odds of a 
multiverse. If a single one of these 
predictions is wrong, he says, the 
odds of a multiverse can go down 
to as much as one in a million. 
Although many of Sandora's 
predictions rely on finding alien life, 
he is optimistic. “Some large, planned 
surveys of exoplanets could find 
several samples of life within the 
next few decades,” he says. 


scenario comes from solving complex 
equations in quantum field theory, which 
require huge approximations. “Using our 
best mathematical tools, the bubble ends up 
nucleating [appearing] instantly - perfectly 
formed - at one point in space,” explains Peiris. 
“We do not have the ability to trace how it goes 
from the top of the mountain to the valley.” 
And unless we know the details of this process, 
she argues, we can’t fully trust our theories. 
However, in 2017, physicists in New Zealand 
and Australia published a game-changing 
paper. Their work showed that, under the 
right conditions, the equations describing 
false vacuum decay in the early universe are 
equivalent to those describing a quantum 
phase transition in a kind of exotic matter 
called a Bose-Einstein condensate — usually 
comprised of atoms at extremely low 
temperatures — in which bubbles akin to a true 
vacuum are created. By studying the formation 
and behaviour of such bubbles in the lab, they 
argued, we could learn something about how 
multiple universes might have formed, filling 
the gaps Peiris encountered when pondering 
potential evidence for a multiverse, such as 
the probabilities of bubble universes colliding. 
Johnson and his colleagues were intrigued 
by the idea. But it was only after they had 
carefully studied the equations that they 
felt the concept was worth exploring 
experimentally. Then, they started 
collaborating with Silke Weinfurtner, an 
experimental physicist at the University 
of Nottingham, UK, with experience of 
investigating similar cold-atom systems. Now, 
Weinfurtner leads an international consortium 
of theoretical and experimental physicists 
exploring the condensate bubble idea. 


Creating bubbles 


Hadzibabic was initially sceptical about the 
possibility of creating a set-up sophisticated 
enough to be a direct analogue of cosmological 
false vacuum decay. The sample would have to 
be uniform to allow bubbles to form anywhere, 
for example, and cold enough to exhibit true 
quantum effects, undisturbed by thermal 
fluctuations. But after discussing it with his 
colleagues, and exploring the maths involved, 
he became increasingly optimistic that it could 
teach us something about the early universe. 
“It is sort of Occam’s razor [the idea that 
the simplest explanation is often the most 
accurate],” he says, “to the extent you can do 
Occam’s razor with the origin of the universe.” 
The first stage, which already works, 
produces the Bose-Einstein condensate by 


The cosmic microwave 
background could hide 
signs of a multiverse 
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making potassium atoms colder than anything 
in the universe. When a gas cloud on the scale 
of microns reaches such temperatures, it 
behaves like a single quantum particle. This 

is what makes Bose-Einstein condensates so 
useful, allowing physicists to study quantum 
processes more or less with their own eyes. 

Next, Hadzibabic will prepare the 
condensate in a metastable vacuum state and 
wait for it to drop to the true vacuum state via 
quantum tunnelling, watching as expanding 
bubbles of true vacuum form. This stage will 
last seconds, after which the condensate will 
be destroyed and the whole process - cooling, 
tunnelling, bubble nucleation -will start again. 

The tricky part will be determining whether 
the outcome is indeed an early universe 
analogue, says Johnson. “It’ll come down to 
lots and lots of detailed checks.” Ultimately, 
you will have to compare the results with 
approximate mathematical simulations 
and look for potential problems. You can 
then refine the experiment to try to account 
for the problems and compare again until, 
hopefully, experiment and simulation fit. If 
that doesn’t happen, we may need to revise 
our theory of the early universe -an equally 
exciting prospect for cosmologists. 

Verifying an experimental analogue with 
theory, whilst also trying to verify the theory 
with the experiment, is incredibly difficult. 
“But this is pretty much how all of science is 
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done, and the best we can do when our 
observational data of what happened in the 
early universe is so limited,” says Katie Mack, 
a cosmologist at the Perimeter Institute, who 
feels the experiment is an important one. 

And there is reason for optimism. A team 
including Gabriele Ferrari, a physicist at the 
University of Trento in Italy, recently completed 
a simpler version of the experiment -in one 
dimension, essentially an extremely thin 
tube -and actually saw “bubbles”, which appear 
as lines in this set-up. The conditions aren’t cold 
enough to represent a purely random quantum 
mechanical process; thermal fluctuations can 
kick-start tunnelling events. But Ferrari argues 


A simulation of a form 
of matter called a Bose- 
Einstein condensate 


that this isn’t necessarily a problem. “Thermal 
fluctuations may well have ignited false 
vacuum transitions in the early universe,” he 
says. The team’s results, yet to be peer reviewed, 
also match theoretical models of false vacuum 
decay in one dimension, suggesting physicists 
are on the right track at least. “It is a really 
interesting first result,” says Weinfurtner, 
albeit not quite what cosmologists are looking 
for. For example, in addition to being one- 
dimensional, the gas doesn’t have uniform 
density, making the bubbles more likely to 
end up in the middle, where there is more 

gas. This makes it hard to glean insights into 
the distributions and interactions of bubbles 
in the multiverse. 

Hadzibabic’s experiment, on the other 
hand, will be two-dimensional and perfectly 
uniform, thanks to a “box trap” made of laser 
light holding the condensate in a perfect 
rectangle. The trap, which is crucial to achieve 
a good analogy with the universe, was invented 
by his team and is now used by several other 
researchers. When I visited the lab, most of the 
experiment, housed in two van-sized boxes, 
was almost ready to go. “We hope to see 
some bubbles next year,” says Hadzibabic. 

It will be intriguing to see how those 
bubbles interact. Johnson and his colleagues 
have already shown theoretically that bubbles 
are likely to form in clusters, making collisions 
more likely. “If we verify their result, that will 
be really cool,” says Peiris. 

The results of the experiment could help 
physicists re-evaluate unexplained patches in 
the CMB, such as the four Peiris and Johnson 
found. “This might also give something else to 
look for in the sky,” says Johnson. For example, 
while two bubble universes colliding head on 
wouldn't produce ripples in space-time, known 
as gravitational waves, several clashing at once 
would. And we might be able to detect them 
with new gravitational wave observatories. 

But even if it turns out that our universe 
hasn’t crashed into another, Hadzibabic’s 
experiment still promises to be revealing. 
There may have been other phase transitions, 
governed by the same maths that would create 
amultiverse, in the first moments of cosmos. 
So testing and improving our general theory 
for such transitions, as the team is planning, 
could ultimately help us to decipher what went 
on in our universe’s very earliest moments. I 


Miriam Frankel is a freelance 
journalist based in London, UK 
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Small but 
mighty? 


Microgreens are trendy and fun 
to grow, but do they really live up to 
their health-boosting superfood label, 
asks Chris Stokel-Walker 
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of greenery growing on my windowsill, 

a bunch of tiny leaves that provide me 
with freshly cut salad and a sprinkling of 
garnish on my meals. 

These miniature versions of traditional 
herbs, vegetables, grains and grasses are 
known as microgreens. They are easy to 
grow — you plant them much like outdoor 
produce, but cultivate them indoors and 
harvest them after the first set of true leaves 
shows. There is a lot of variety, from cauliflower 
to kohlrabi, and they taste great too. 

Iam not alone in embracing the microgreen 
lifestyle. Worldwide, interest in these tiny 
plants has grown rapidly over the past 10 years. 
But they aren't just for hobbyists: at least 
16 per cent of indoor farming in the US is 
now devoted to microgreen production. 

The reason? Microgreens have grown a 
reputation for being the superheroes of the 
nutrition world. Tens of thousands of articles 
have been published about their potential as 
“functional foods” that offer health benefits 
over and above that of mature vegetables. 

“If microgreens are included in our meals, it 
enriches our [health] because of the diversity 


FF OR several years, I have had a collection 


of species used and the amount of nutrients 
they contain,” says Francesco Di Gioia, 
assistant professor of vegetable crop science 
at Pennsylvania State University. But, until 
recently, research into these plants has been 
sparse. So before investing further energy and 
money into developing my crop, I wondered: 
are they really doing anything for my health, 
or are they just another food fad? 

Keen gardeners might mock the rebranding 
of what have traditionally been called 
seedlings, and it is unclear exactly who 
initiated microgreens’ leap from pot to 
plate. According to Milos Vukcevic, owner 
of MicroGreen Silo, a website providing 
information to hobbyists, it may have 
something to do with chef Craig Hartman. 

In 1992, Hartman’s friend, farmer Michael 


Clark, was struggling with his tomato business, 


so Hartman asked Clark to grow him some 
“baby greens” for his restaurant. He meant 
things like baby romaine lettuce, but Clark 
misunderstood and arrived with a mountain 
of week-old seedlings. Not wanting them to 
go to waste, Hartman put them on his menu. 


That night, food writer Pam Parseghian ate the 
greens and, wowed by their flavour, asked what 


they were. Hartman claims he made up the 
name microgreens on the spot. Parseghian 
wrote about them in US magazine Nations 
Restaurant News and microgreens started 
appearing on menus over the next few years. 
These plants gained popularity because of 
their colours, textures and taste, says Sarah Coe, 
a nutrition scientist at the British Nutrition 
Foundation, a London-based charity. Compared 
with regular vegetables, they are also easier to 
grow —- which is useful for people like me who 
aren't avid gardeners or don't have access to 
outdoor space. Not being reliant on favourable 
weather, they also provide a plentiful, 
year-round supply of varied, edible greens. 
Icurrently havea collection of mixed lettuce 


“We could design 
microgreens 
for specific 
dietary needs” 


leaves growing alongside radish, mustard 
and rocket. Next to them, a couple ofice 
cream tubs house parsley, coriander and red 
basil seeds waiting to germinate, their roots 
exploring the coconut coir beneath-a 
growth medium derived from the husks of 
coconuts (see “How to grow microgreens", 
[page 38]. Next on my wish list are peas, 
kohlrabi, broccoli and sunflowers. 

Their taste certainly packs a punch, but 
they also have a reputation for being more 
nutritious than their grown-up counterparts. 
As I struggle to consume the 400 to 500 grams 
of fruit and vegetables a day recommended 
by the World Health Organization, this is 
what really intrigues me. Could I eat a handful 
of tiny leaves and get the same health benefits 
as eating a plate of traditional veg? 

In 2012, the US Department of Agriculture 
(USDA) commissioned an analysis of the 
nutritional value of this food. Its preliminary 
work focused on microgreens harvested by 
a single grower in Los Angeles. Researchers 
studied the concentration of carotenoids, 
which help maintain vision and protect against 
skin damage; vitamin K, which is required for 
bone and blood vessel maintenance, as well > 
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as blood clotting; vitamin E, which is involved 
in keeping nerves, muscles and the immune 
system working efficiently; and vitamin C, 
which plays a vital role in skin, bones, 
cartilage and the immune system. 


Nutritionally superior 


“We were quite surprised [at the results]”, says 
Gene Lester, national programme leader for 
the USDAs Agricultural Research Service. 

“In the 25 species of microgreens that we were 
able to analyse, you would have anywhere 
between 10 to 15 per cent greater nutritional 
concentration than their mature species 
counterpart.” The microgreens that packed 
in the most nutrition included red cabbage, 
coriander, red garnet amaranth and 

green daikon radish. 

Subsequent studies support this analysis. 
One, published in 2021, found that microgreens 
are rich in vitamin C, plus minerals and 
compounds that have been linked witha 
reduction in oxidative stress in our bodies, 

a chemical inbalance that is associated with 
conditions including type 2 diabetes, cancer 
and neurodegeneration. The researchers 
concluded that microgreens have potential 
value in the prevention and treatment of 
several chronic conditions, including obesity, 
type 2 diabetes and cardiovascular disease- 
although this has yet to be tested directly. 

So microgreens seem to be packed with 
nutrients, but does this mean I can eat them 
instead of regular-sized veg? It is a difficult 


38 | New Scientist | 14 October 2023 


question to answer, but Lester is willing to 
paint a broad picture. Take a red cabbage 
microgreen, he says. Studies suggest 

it contains about 40 times as much 
vitamin E as its mature version per gram. 

Studies have established that red cabbage 
microgreens have 34.4 milligrams of vitamin E 
per 100g of fresh produce. Adults tend to 
require 15mg of vitamin E daily, according to 
the US National Institutes of Health. “If you 
consider that one US cup of microgreens 
weighs about 75g, you would need to eat 
less than two-thirds ofa cup of cabbage 
microgreens to get your daily requirement 
of vitamin E,” says Lester. You would need 
to eat about 26 cups of mature red cabbage 
to get that same amount, he says. 

That is the kind oftasty maths I like, and 
there are several similar examples. But there is 
a sticking point. Little research has been done 
on the fibre content of microgreens, which is 
an important dietary element packed into 
regular-sized veg that lowers the risk of heart 
disease, strokes, type 2 diabetes and some 
cancers. One small study of three brassica 
microgreens — broccoli rabe, broccoli and 
cauliflower - found that the cauliflower 
microgreens provided the most fibre, at 
around 0.7g per 100g of fresh product 
compared with around 2g for adult cauliflower. 
The British Heart Foundation recommends 
that adults eat 30g of fibre per day. 

Lester points out another caveat. 

If microgreens are grown properly, they 
will be as nutritious as the studies claim. 


Microgreens are 
easy to grow indoors 
ona windowsill 


How to grow 
microgreens 


How do you grow great 
microgreens, rather than a flop 
crop? First, choose seeds from 
a reputable company - poor 
seed quality can lead to root 
mould. Do your homework: 
some seeds are more prone 
to disease, and avoid planting 
anything from the nightshade 
family, which can make you 
sick if eaten raw. 

Soak your seeds if required, 
plant and cover with anything 
that excludes light during 
germination. Francesco Di 
Gioia, assistant professor of 
vegetable crop science at 
Pennsylvania State University, 
recommends using a peat- 
based soil. However, peat bogs 
are a finite resource. When we 
rip them up, we lose unique 
ecosystems and release carbon 
dioxide into the atmosphere. 

Many commercial growers 
use coconut coir instead, 
amedium derived from 
coconut husks. It is also 
possible to grow microgreens 
hydroponically, whereby plants 
get nutrients and oxygen from 
mineral-enriched water. 

After germination, you need 
to provide light to your crop, 
says Di Gioia. An LED is best, 
but a window will do. Regular 
watering is important, but do 
it from the bottom: a seed 
tray with holes in for drainage 
is ideal. 

Within seven to 10 days, 
the microgreens will be ready 
to harvest, with true leaves 
starting to appear after the 
first, embryonic leaves. Snip 
partway up the stem witha 
pair of scissors as and when 
you need a serving, wash them 
well and enjoy. 
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However, without sufficient light or with too 
high a temperature, those nutrient returns 
will diminish, he says. 

A 2019 study that tested the growth of plants 
under a variety of light conditions found that 
a mixture of red and blue LED light was best for 
healthy, nutritious plants. Red light stimulates 
the growth of anthocyanins -the pigment that 
you find in red., purple or blue fruit and veg, 
which has been linked with benefits to our 
brain, vision and immunity -whereas blue 
light helps boost plant growth. 

While I have been known to occasionally 
blast a pair of LED lights onto my plants, the 
reality for most home growers is that their 
crop may not be quite as nutritious as that 
provided by professionals, which can be 
expensive: a 110g pack of microgreens at 
my local supermarket costs £2.95. 

And not everyone is convinced that you 
can eat enough microgreens to benefit your 
health. “While including microgreens in the 
diet could add more variety,” says Coe, “it is 
likely that microgreens would only make a 
small contribution to nutrient intakes and 
total amount of vegetables consumed, as 
they are typically eaten in small quantities.” 

There is also the risk that you could do more 
harm than good ifyou aren’t careful. Di Gioia 
is keen to encourage home growers, but a lack 
of post-harvest processing, such as washing or 
cooking, can mean there are food safety risks. 
Worldwide, there have been multiple recalls 
of microgreens in recent years for issues like 
salmonella, including in the seeds themselves. 


“Less than 
two-thirds ofa 


cup of cabbage 
microgreens 
gives you your 
daily vitamin E” 


Microgreen researchers do have one more 
trick up their sleeves, however. Di Gioia’s team 
is among several that are using biofortification 
techniques on microgreens to make them even 
more nutritious. Like all plants, they absorb 
nutrients from the soil or water in which they 
are grown. But because they are harvested 
when small, the nutrients they absorb are 
concentrated in higher levels within their 
mass. Di Gioia’s team is first focusing on 
enriching microgreens with minerals that are 
often deficient in diets, such as iron and zinc. 
By altering their growing and environmental 
conditions, such as using different light or 
putting the plants under small amounts 
of stress, it is possible to boost the capacity 
of microgreens to take up those nutrients, 
so they are absorbed in higher doses. 

Early results seem promising. “We can 


Growing microgreens in 
so-called vertical farms 
canraise the efficiency 
of food production 


literally control the level of minerals that 

are going to be in the microgreens,” says 

Di Gioia. His aim is to produce some with 
pharmaceutical properties. “We could design 
produce for specific dietary needs,” he says. 

Aside from their potential health benefits, 
it may be worth making space for microgreens 
for environmental reasons too. The average 
professional grower yields about 57 kilograms 
of crop per square metre of space compared 
with 3.8 kilograms per square metre for 
outdoor veg. As such, microgreens have 
become part of the global movement 
towards controlled-environment agriculture, 
which includes what is known as vertical 
farming. This technology-centric revolution 
aims to make what has previously 
been a haphazard, nature-reliant food 
production industry more efficient. 

Lester says microgreens could also be a key 
contributor to urban agriculture, enabling 
growers to produce nutritional crops that 
are readily available. “That would eliminate 
transportation across country, or even 
importing from another country.” 

Iam convinced that there are good reasons 
to keep on tending to my crops -at the very 
least, lam more likely to eat my microgreens 
than a plate oflarger veg. I am not alone there 
either: there is evidence that people are keen 
to eat up their microgreens, even if they would 
ordinarily shun vegetables. Lester’s team 
conducted a study in 2015 looking at public 
perceptions of microgreens. “[Broadly], we 
found women enjoyed eating microgreens 
because they understood and appreciated 
them, and wanted to have the associated 
benefits, whereas men and children ate 
microgreens because they didn’t see it 
as a vegetable,” he says. 

It seems my microgreens are, for now, 

a good way of creating a little more diversity 
in my diet, probably contributing vital 
nutrients lost to my poor consumption of 
regular veg. Give them another decade and 
they might even replace a few things in my 
medicine cabinet too. So if you'll excuse me, 
Ithink it’s time for a quick harvest. I 


Chris Stokel-Walker is a journalist 
based in Newcastle, UK 
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The legacy paradox 


Why do people spend time, effort and money to 
be remembered after death? And can we use this 
quirk for good, wonders Conor Feehly 


ONSIDER two scenarios. In the first, 
( you have a life filled with love and 
meaning and enough money to get 
by comfortably. However, after you die, 
something terrible is revealed about you — 
which may not even be true- and people come 
to despise you. In the second, you have a life of 
relative hardship and obscurity, but after you 
die, it is revealed that you were an incredibly 
talented artist and your reputation is assured 
forever. Which option would you choose? 

If you picked the second, you aren't alone, 
as Brett Waggoner at the University of Otago, 
New Zealand, discovered when he carried out 
this thought experiment. It may seem like a 
counterintuitive choice, but it reveals our deep 
concern for legacy. Across time and cultures, 
people seem to have acted with a desire to etch 
their names into the history books, from the 
pharaoh Khufu’s Great Pyramid of Giza to acts 
of scientific discovery, works of art, sporting 
achievements and public philanthropy. 
Nevertheless, such behaviour is something 
of a paradox. Why devote so much time and 
energy to being warmly recalled when you 
won't be around to see the benefits? 

Researchers trying to answer this 
question have come up with some 
surprising answers. Some suggest it gives 
individuals an evolutionary advantage. Others 
see it as a sort of glitch in the way we think - 

a mistake based on various cognitive biases. 
Meanwhile, it is becoming clear that our desire 
to be positively remembered is far more than 
just self-aggrandisement. Nurtured in the 
correct way, it could be leveraged to tackle 
long-term, global issues, including climate 
change, biodiversity loss and inequality. 

Humans, along with every other species 
on Earth, can leave a genetic legacy. If we 


successfully reproduce, our biological 
descendants continue our evolutionary 
journey. They are the physical manifestation 
ofa process that has been unfolding on our 
planet for more than 3.5 billion years, since 
the first living organisms emerged. But while 
we share this evolutionary drive for genetic 
legacy, humans seem peculiarly concerned 
about a more symbolic form of legacy - that 
is, how our peers and strangers will remember 
us after we die. 

Perhaps this has something to do with 
the fact that we are more deeply aware of 
our own mortality than any other animal is. 
We know that one day we will die. That being 
the case, say some evolutionary psychologists, 
there is a good reason to think about legacy. 
Your posthumous reputation could affect the 
reproductive success of your direct relatives. 
If so, then legacy-seeking behaviours might 
be an adaptation to give our biological kin 
favourable conditions for finding a mate 
and reproducing. 

This idea is bolstered by yet-to-be-published 
research by Waggoner and Jesse Bering, also 
at the University of Otago. They found that 
people’s hypothetical dating choices 
were negatively influenced by familial 
transgressions, such as the knowledge 


“Atheists may 
cultivate their 
legacy to create 
a sort of symbolic 
immortality” 


that serious crimes have been committed by 
aclose biological relative of the prospective 
date, even one not involved in their 
upbringing. This, they argue, suggests we 
operate with a type of “folk heritability”, where 
people carry not only the genetic inheritance 
of their relatives, but also the social burden 
of their ill deeds. Other research revealing 
that people are more motivated to avoida 
negative legacy than to pursue a positive 

one lends more weight to the idea. 

This all sounds very reasonable, but it 
fails to consider another aspect of mortality 
awareness: it can make us anxious or even 
terrified. According to what psychologists call 
terror management theory, the knowledge 
that we will die, combined with our survival 
instinct, creates an inherent tension, and we 
have developed certain belief systems to cope 
with this. Religion and the assertion that the 
soul transcends death are, perhaps, the most 
obvious. If you believe in the afterlife, a desire 
for a positive legacy makes some sense 
because, in a way, your soul will be around 
to see how your legacy unfolds. 

But in many countries, a significant number 
of people don’t believe there is any existence 
after death. Here, the puzzle of legacy deepens. 
What motivates these so-called extinctivists to 
leave a legacy when they think they won't be 
there to enjoy it? Terror management theory 
might say that, to mitigate their death anxiety, 
extinctivists cultivate their legacy to create a 
sort of symbolic immortality. Our identities 
are intertwined with the narratives we tell 
about ourselves, and what happens at the 
end of our life is a major feature in our 
story. As we get older, we tend to become 
increasingly concerned with having 
meaningful interactions with younger > 
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The dark side 
of legacy 


Most of us care about our 
legacy, at least to some degree. 
This drive can be harnessed for 
good (see main story), but 
sometimes it can become a 
problem. “If you're focused on 
an individualistic legacy where 
you are thinking mostly about 
your reputation or monuments 
named after you - essentially 
self-glorification - that could 
get in the way of thinking about 
how your legacy could instead 
be beneficial to [others],” says 
Kimberly Wade-Benzoni at 
Duke University in North 
Carolina. 

Jesse Bering at the University 
of Otago in New Zealand sees 
another problem. If our 
decision-making is too geared 
towards what other people will 
think about us after we have 
died, we might be reluctant to 
share opinions and beliefs that 
go against what is ideologically 
fashionable at the time. This 
could be a problem because 
societal attitudes and norms 
change over time, and people 
with dissenting voices play an 
important role in such shifts. 

“If we are burdened by the 
responsibility of our legacy and 
how we will be remembered 
forever, | would guess that we 
would be more risk-averse, 
at least in our social decision 
making,” says Bering. “We 
might be hesitant to make 
meaningful decisions that 
go against the social grain.” 
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generations and passing down values and 
beliefs that have served us well. We may believe 
that when we die, the lights go out, but the 
knowledge of our actions and values rippling 
through the future gives us at least some 
psychological respite from the expiration date 
placed on us. In this view, legacy offers all ofus, 
no matter what our beliefs, a way to make life 
more meaningful by transcending death. 


The afterlife bias 


But there could be a simpler explanation 
for why extinctivists are motivated to build 
a legacy: perhaps, deep down, we all entertain 
some sort of notion of life after death. After 
all, nobody can consciously experience the 
absence of consciousness, making it effectively 
impossible to imagine your own death without 
being a conscious spectator. Indeed, research 
by Bering and his colleagues suggests that 
belief in continued existence of the mind 
following death is a default state for all of us. 
In one study, for example, children watched 
a puppet show where an alligator ate an 
anthropomorphised mouse. Older children 
were unlikely to ascribe any psychological 
functions to the dead mouse. However, the 
youngest children, who were 3 or 4 years old, 
tooka different view. While they understood 
that the dead mouse no longer had biological 
needs, they stated that it still had emotions, 
contradicting the notion that afterlife belief 
is something we learn. The findings, which 
have been replicated across both secular and 
religious schools, suggest that belief in the 
continuity of consciousness after death is an 
intuitive position, with religious belief systems 
taking advantage of this quirk in our thinking. 
“think a lot of [legacy motivation] has to do 
with these cognitive [processes], says Bering. 
And this isn’t the only example that could 
motivate a desire for legacy. An extremely large 
body of literature points to the evolutionary 
benefits that our species gets from living 
in groups. We have evolved to seek close 
connections with our peers and admiration 
from them because our physiological and 
emotional well-being depends on it. Asa result, 
when something socially gratifying happens, 
it activates the reward circuits in our brains. 
For example, you get a buzz when you give 
money toa charity, even though you are 
completely disconnected from the material 
benefits that the donation will provide. Since 
legacy, as it is most often conceptualised, refers 
to a person’s posthumous reputation, the drive 
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to leave one could be an artefact of this evolved 
psychology. It may not be logical to seek to be 
admired when you are dead, but the act of 
building a legacy could make you feel good 
while you are alive. 

What all this suggests is that the human 
desire to be positively remembered beyond 
the grave is complicated. “There is a 
juxtaposition between our higher-order 
cognitive faculties and not being able to 
properly think about our own deaths, 
combined with our basic evolved psychology 
to be concerned about our social status, how 
other people regard us, feeling valued and 
having a good reputation,” says Bering. 

“This spills over into our thinking about the 
afterlife that propagates the legacy drive.” 

Our motivation on this front varies 
enormously. Among people who feel this 
drive strongly, though, it can have a big 
impact on their behaviour. On the surface, 
seeking a legacy seems quite egotistical — it 
is about projecting yourself into the future. 
Nevertheless, some researchers are exploring 


the idea that the legacy drive could be 
harnessed for the greater good to help 
tackle issues such as climate change, the 
biodiversity crisis and wealth inequality. 


Long-term thinking 


“We are looking at how the legacy motive can 
help attenuate intergenerational discounting 
or promote beneficence on behalf of future 
generations,” says Kimberly Wade-Benzoni 

at Duke University in North Carolina. 
Intergenerational discounting is a psychological 
term for how we weigh the benefits of our 
actions to future generations relative to those 
to the current generation, favouring the latter. 
In other words, Wade-Benzoni believes the 
desire for legacy can help us overcome some 
psychological biases that undermine our 
ability to address long-term problems. People 
generally find it hard to defer rewards in the 
here and now to the future. The further away 
in time a problem is, the fewer resources we are 
willing to devote to solving it. We also struggle 
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“The legacy 
drive could be 
harnessed to 
tackle issues such 
as climate change 
and wealth 
inequality” 


to give resources to others, particularly if 
they aren’t embedded in our social network. 
However, more than a decade of research has 
shown that motivations for a positive legacy 
can enable people to overcome these barriers, 
leading them to make sacrifices in the present 
for the benefit of future generations. 

The context in which we think about death 
is important when we make intergenerational 
decisions, says Wade-Benzoni. Being shown 
images ofa car accident, or walking past a 
cemetery, tends to elicit a death anxiety 
response. When people become aware of 
their mortality in this way, it increases their 

in-group identity -including nationalism 
and religious affiliation - encouraging them 
to distance themselves from outside beliefs 
and cultures. As a result, their legacies become 
primarily concerned with helping those who 
belong to their group - their families, for 
example. But when we reflect on our death 
ina more contemplative way, this generates 

a different reaction. Wade-Benzoni and her 
colleagues asked people to write about their 


As we get older, we often try to 

pass on knowledge to youngsters 
(near left), perhaps due to a growing 
awareness of our mortality (far left) 


own legacy before doing a task in which they 
chose to allocate resources to others. Doing 
this made them more generous with what 
they were willing to leave to people. It also 
widened the scope of who they were willing 
to leave their resources to. “It increases 
their circle of moral concern, and their 
intergenerational wealth allocations are 
shifted from relational to collective,” she 
says. In other words, they become more 
mindful of helping the broader community. 

Nevertheless, the legacy-building actions 
of any single individual can’t solve problems 
that require social collaboration at large scales. 
“On top of the intergenerational hurdle, there 
is alsoa social dilemma,” says Wade-Benzoni. 
“It's not just the trade-off between you and the 
future other, you also need to get people in 
your own generation cooperating in order 
to get the sacrifice to make a difference.” 

It seems that thinking about legacy can 
help us here too. Mark Hurlstone at Lancaster 
University, UK, and his colleagues found that 
when the legacy motive was activated by 
asking a group of participants to read a 
paragraph about leaving a positive legacy, 
their investments into a public programme 
of tree planting increased. Similarly, Lisa Zaval 
at Columbia University in New York and her 
colleagues found that priming people to think 
about their legacy increased their concern 
for the environment and climate change 
and led to them donating more money 
to an environmental charity. 

Wade-Benzoni thinks that the symbolic 
aspect of legacy is what can make it a 
collective endeavour. It isn’t necessarily 
the case that everyone is concerned with 
their own ego being attached to their legacy: 
just being part of something larger than 
yourself can be enough. “Some people want 
to be anonymous,’ she says. “They just want 
to know that, somehow, their existence and 
life had some kind of meaning and impact. 
That it wasn’t all for nothing.” I 


Conor Feehly is a freelance 
science writer based in 
Auckland, New Zealand 
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60-second psychology 


Starting small 


Can a single session of therapy nudge people towards better 
mental health? David Robson explores a new approach 


A FEW days ago, I took an online 
course about neuroplasticity and 
the ways we can teach our brains 
to build new connections that 
break old habits and thinking 
patterns. I learned we can build 
traits like kindness as ifthey are 
muscles, in order to become new 
and better people. 

Ihad been inspired by Little 
Treatments, Big Effects, anew book 
by Jessica Schleider, the founding 
director of the Lab for Scalable 
Mental Health at Northwestern 
University, Illinois. She reviews a 
huge volume of research showing 
that “single-session interventions’ 
(SSIs) can produce important 
turning points in people’s mental 
health, reducing symptoms of 
depression, anxiety, substance 
abuse and disordered eating. 

Given psychology’s famous 
replication crisis, I had been 
curious about the quality of 
these studies, but many were 
large, randomly controlled trials 
involving hundreds or thousands 
of participants. Some SSIs are 
delivered in person, but many 
are also available online. 

Many of Schleider’s SSIs are 
primarily aimed at young people 
who might struggle with some of 
the stresses of growing up. I tried 
out one called Project Personality, 
which aims to teach people about 
our potential for change. Over 
a series of case studies and 
exercises, I learned about our 
capacity to break negative thought 
cycles and overcome the fears that 
are preventing us from living a full 
life. As a science writer, I found 
much of the material was familiar. 


Li 


But I can imagine it would be an 
empowering message for someone 
who believes that their sadness or 


anxiety is an inescapable element 
of their make-up. 

There are many other options. 
The Action Brings Change Project, 
for example, teaches the benefits 
of committing to activities in line 
with your core values, which 
can break and reverse negative 
thought spirals. (This is known as 
“behavioural activation” and it has 
a strong foundation in cognitive 
behavioural therapy.) Schleider’s 
lab has also designed SSIs to build 
self-compassion and to teach 
LGBTQ+ people ways to cope 
with the stresses that come from 
others’ prejudices - both of which 
are linked to better mental health. 

It would be ludicrous to claim 
SSIs are some kind of panacea for 


Twisteddoodles 
for New Scientist 
Picturing the lighter 


side of life[p43] 


all who try them. While some 
may find SSIs to be as effective 

as more intensive therapy, many 
others will need greater assistance. 
SSIs may still be a useful starting 
point while those people wait to 
access other treatments, however, 
and they can also be used asa 
preventative tool for those who 
are vulnerable to mental health 
issues, but haven’t developed 
full-blown symptoms yet. 

The huge advantage of SSIs is 
their easy accessibility. According 
toa recent study, 1 in 2 people will 
develop a mental health condition 
over their lifetime. We should 
welcome any new approach that 
might relieve their symptoms. I 
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ACROSS 

1 Sticking point (7) 

5 Part of jaw area that may 
be easily broken (5) 

8 Some faint, garbled statement of intent (9) 

9 Twitch gets credit, shortly (3) 

10 Genius - a German dropped 
glass of beer (5) 

12 Rent's 100 or 500 (one in 
freefall may depend on it) (7) 

13 Frantically manage a PhD load (almost), 
from start to finish? (5,3,5) 

15 Half of this metal? (7) 

17 Predictive activities down 
50 per cent, and wrong (5) 

19 Dude returning ball (3) 

20 Gums trading bloc - Italy, Poland 
and Croatia leaders involved (9) 

22 Ticker to pick up time (5) 

23 Lower oneself to get what's 
hidden in ceiling? (3,4) 
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6 


7 


DOWN 

Ordnance is a flop (5) 

Woman might be a next-door 
neighbour, initially (3) 

First child of Spanish princess (7) 
Gravity relating to stars and planets - 
or to consumption of refined fuel (13) 
Wheezing royal seized 

in palace revolution (5) 

Repaint Rover Two, covering 
unexpressive type (9) 

Dirac, drunk, taken in by support group, 
where there's peace and harmony (7) 


11 Poinsettia born amid great joy (9) 
13 City seized by crusaders 


against Oppenheimer's primary 
continuum hypothesis (7) 


14 He believed he could fly, and 


he was right, we've heard! (7) 


16 Still fine, if header’s removed, to 


post again on Musk's site (5) 


18 Nobel laureate’s a pain in the neck (5) 
21 When on air, go a shade of green (3) 


Our crosswords are now solvable online 


Quick quiz #223 
set by Bethan Ackerley 
1 In what year did Google announce 


it had achieved quantum supremacy 
with its Sycamore computer? 


2 Name the only living parrot 
species that can’t fly. 


3 The Weibel instability affects 
which state of matter? 


& Near which planet would you 
find the Cassini Division? 


5 In theoretical physics, who first proposed 
the anti-de Sitter/conformal field theory 
correspondence, in 1997? 
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Headscratcher 
set by Alison Kiddle 
#243 Emmental arithmetic 


Chaos reigned during my last visit to 
Cheese Louise, the local delicatessen. 

Two customers both claimed to have 
picked ticket number 6 from the machine 
that dispenses these to show who is next to 
be served. For such machines, the numbers 
appear like those on a calculator. 


“You can't both be number 6,” said Louise, 
the owner. “One of you must be number 9. 
I think the only fair thing to do is serve you 
both after numbers 7 and 8.” 


"This system is terrible,” she told me later. 
“If there are four customers in the shop, there 
can be a chance of this sort of confusion! 

A two-digit machine isn't much better. For 
example, 12 looks like 21 (see below) if 
you turn it upside down, so there could be a 
problem if we have 10 people in the queue. 
I'm going to buy a three-digit machine!” 


Z| 


With this new machine, how many 
people would need to be in the queue 
for there to be a risk of two of them 
having indistinguishable numbers? 


Solution next week 
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Time for bed 


Are we conscious 
when we are asleep? 


Bernard Norman 

London, UK 

This issue is complicated because 
it raises the question of what 
consciousness is. (Although, as 
an aside, my pet chickens know 
where they are in their pecking 
order, so appear to be self-aware 
and therefore conscious.) 

Iwork as an anaesthetist and 
would argue that one is conscious 
when asleep. On waking in the 
morning, one is aware of events 
during the night, even if not fully 
woken up by them (for example, 
a partner joining you in bed 
or a rainstorm outside). 

In addition, there is awareness 
of the passage of time since the 
evening before, when you went 
to bed. Compare this with the 
drug-induced coma of general 
anaesthesia. On waking, the 
patient is completely unaware 
that time has passed and will often 
think they haven’t had surgery, 


On waking in the 
morning, one is aware 
of events during the 
night, like a rainstorm 
outside, even if not 
fully woken by them” 


even ifit has taken many hours. 
You are conscious when asleep, 

but not when anaesthetised. 

The problem with alcohol or 

sleeping pills prior to bed is 

that the resultant “sleep” is more 

akin to anaesthesia, and therefore 

the background processing of 

information is inhibited, making 

the sleep less restorative. 


David Bortin 

Whittier, California, US 

The simple answer is yes, we are 

conscious when we are asleep. 
There seems to be no 

authoritative consensus on the 

definition of consciousness, but 

most would agree that it can’t be 

a simple binary (on or off) state. 
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This week’s new questions 


Ready for take-off Do winged animals like birds ever 
suffer comparable mishaps to those of human-made 
aircraft, such as aerodynamic stall, wing icing or hard 
landing? Christian Digby-Firth, Dorchester, Dorset, UK 


Snap, crackle, pop Howcan popped knuckles be so 
exceptionally loud? Greg Michalski, Toronto, Canada 


If it is acknowledged that 
consciousness correlates to 
receptivity and responsiveness 

to sensory input, then there 

must be at least three measurably 
different levels: awake, asleep and 
dead. Otherwise, alarm clocks 
wouldn’t work as they do. 

In my opinion, a useful 
definition would be one that 
allows for a hypothetically 
quantifiable measure of at least 
one dimension of consciousness, 
much like that for intelligence. 
Some tests have even been 
devised to measure consciousness 
instrumentally — with less than 
satisfactory results so far. These 
considerations have taken ona 
new urgency with the question 
of whether artificial intelligence 
is or can ever become conscious. 
Perhaps “living”, “biological” 


or even “brain” should have a 
place inthe definition, possibly 
as asecond dimension. Then there 
is the philosophy of panpsychism, 
which argues that no material 
object is completely without 
consciousness. 

Another intriguing tangent 
to explore from the “what is 
consciousness?” enigma is 
“why is consciousness?” This 
intersects with the philosophy 
of hard determinism, wherein 
it is believed that all events are 
determined by a chain of prior 
causes. Consciousness in sucha 
world view would be like watching 
a movie with full awareness of 
the course of events, but being 


totally powerless to alter the script. 


Might consciousness — whatever 
it is — have evolved purely for 
its entertainment value? 


Want to send us a question or answer? 


Email us at lastword@newscientist.com 


Questions should be about everyday science phenomena 


Full terms and conditions atinewscientist.com/lw-terms 


Are birds, like aircraft, 
susceptible to problems such 
as wing icing or hard landing? 


Gillian Peall 

Macclesfield, Cheshire, UK 

If we can be prodded awake in 
order to act and/or think, then 

we are conscious while asleep, as 
opposed to being anaesthetised or 
unconscious due to a brain injury. 
So long as we can be classed as a 
living, breathing sentient being, 
then we are conscious as opposed 
to dead. But it all depends on your 
use of the word “conscious”. 


Mark Thompson 

Tewkesbury, Gloucestershire, UK 
We lose consciousness when we 
fall asleep, at least until we start 

to dream. It is widely believed that 
dreams occur only in rapid eye 
movement (REM) sleep. Thus, it 
can be assumed that there is no 
sleep consciousness outside REM 
sleep. Although, interestingly, my 
wife always fully remembers her 
dreams (and tells me about them 
every morning). I, on the other 
hand, rarely remember my dreams, 
but I can lose consciousness 
during the better half’s retelling. 


Gregory Wlodarski 

Via Facebook 

It depends on your definition 

of consciousness. If you consider 
consciousness to be awareness 
of and the ability to respond to 
changes in the environment, 
then no, you aren’t conscious 
while asleep. But ifthe definition 
is having mental activity, then 
the answer is yes, at times, 
depending on the sleep stage. 


Hot property 


Would it be theoretically possible 
to build a large habitable dome 
on the surface of Venus, one of 
the most inhospitable places in 
the solar system? (continued) 


Damir Blazina 

Chester, UK 

I would like to mention an idea 
proposed by Soviet engineer 
Sergey Zhitomirskiy in the early 


Tom Gauld 
for New Scientist 


THE REWILOING PROJECT 


HAS EXCEEDED ALL OF 


OUR EXPECTATIONS! 


1970s and expanded on by NASA 
engineer Geoffrey Landis in the 
2000s. They suggested the use 
of aerostats, or lighter-than-air 
aircraft, for crewed exploration 
of Venus and potentially for 

the construction of permanent 
“cloud cities” high up in the 
Venusian atmosphere. 

This would be made possible 
by the high atmospheric pressure 
on Venus and the fact that its 
atmosphere is mostly carbon 
dioxide. Nitrogen and oxygen, 
the principal constituents of 
the atmosphere on Earth, are 
lighter than carbon dioxide, and 
a breathable mix of nitrogen and 


oxygen would have a lifting power 


of approximately 60 per cent of 
that of helium on Earth. 


Landis calculated that a balloon 
full of human-breathable air could 
sustain itself and the extra weight 


ofa colony at an altitude of 
about 50 kilometres above 
the surface of Venus. 

At this altitude, the conditions 
are much more Earth-like: 
temperatures are in the region of 
o°C to 50°C (32°F to 122°F) and the 


KEEP YOUR EVES OPEN 
FOR THE SPECIES THAT 
HAVE COME BACK: 
RED DEER, WILD BOAR, 
PINE MARTEN... 


OR PERHAPS EVEN OUR 
PROUDEST RETURN: 
THE GREAT OLD ONE 

YOG-DRATH'LL, ETERNAL 
UNSLEEPING EVIL OF 
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“Landis suggested the 


use of lighter-than-air 
aircraft for crewed 
exploration of Venus, 
and potentially for 
aerial ‘cloud cities’” 


pressure is around 1 atmosphere. 

As the aerostat would float 
rather than orbit, any crew would 
experience Venus’s 0.904 g 
gravity, avoiding weightlessness- 
related issues. Any rips or tears 
in the balloon would cause gases 
to diffuse at normal atmospheric 
mixing rates rather than through 
explosive decompression, giving 
time to repair damage. 

Finally, the remaining 
atmosphere above the balloon 
would provide shielding from 
cosmic rays, with its greater 
density giving comparable 
protection to that on the 
surface of Earth. 

There are several remaining 
problems. For example, the 
aerostat would need to withstand 
the 200-kilometre-per-hour 
winds that blow at this altitude. 


THE PRIMORDIAL FOREST. 


Furthermore, all construction 
and industrial materials would 
have to be brought from Earth 
at significant cost, and would 
have to be resistant to corrosion 
by the sulphuric acid found in 
the atmosphere. 

Despite these caveats, 
the concept is theoretically 
plausible and may even be 
practically possible. NASA 
published a concept study in 
2015 for a crewed mission to 
explore the atmosphere of 
Venus, called High Altitude 
Venus Operational Concept, 
or HAVOC. To my knowledge, 
however, no craft has yet 
thoroughly explored the area 
50 km above Venus’s surface. 


Rod Newbery 

Cambridge, UK 

Venus is apparently at the 
temperature that it is because 

of a runaway greenhouse effect. 
Its hostile atmosphere has made 
studying it very difficult. Can 

we be certain it didn’t once 

have a civilisation that caused 
the greenhouse effect? H 
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Quick quiz #223 
Answers 


12019 

2 The kakapo 

(Strigops habroptila) 

3 Plasma 

យ Saturn -- it is a gap between 
the planet's A and Brings 

5 Juan Maldacena 


Quick crossword 
#143 Answers 


ACROSS 8 Phoebe, 9 UFO, 

10 Labs, 11 Canis Major, 

12 CERN, 13 Piston, 16 Cell wall, 
17 Analyst, 18 Anodyne, 

22 Clavicle, 25 Lowell, 26 Anus, 
27 Adam's apple, 30 Lego, 

31 Ego, 32 Tannin 


DOWN 1 Chia, 2 SETI, 

3 Lemmings, 4 Subject, 5 Sorrel, 
6 Black widow, 7 Aboral, 14 lon, 
15 Television, L9 Null sets, 

20 Nil, 21 Megaton, 23 Lancet, 

24 Crater, 28 Pong, 29 Luis 


#242 Filling up 
in Pumpstown 
Solution 


Yes, there is a strategy that will 
give me a 50 per cent chance of 
getting the cheapest fuel. Since the 
pricing is random, you can glean 
no information at all from the fact 
that the first station's fuel (North) 
costs 5.83. However, you can 
improve your chances to 50 per 
cent by going to the second station 
(Mid) and checking if the price 
there is higher or lower than at 
North. If the price is lower at Mid, 
then fill up there, but if it is higher, 
go on to South and fill up there. 
The possible price orders, cheapest 
first, are NMS, NSM, MNS, MSN, 
SNM and SMN. In three of these 
(MNS, MSN and SNM) sticking at 
Mid if the price there is cheaper will 
get you the best deal, giving you a 
50 per cent chance of success. 
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The back pages Feedback 


Too fast, too furious 


The Fast & Furious action movies 

now have a companion in the world 

of animal study. A team of biologists 

videoed a furious and fast - well, 

relatively fast - incident, which they 

describe in a paper called “Sloths 

strike back: Predation attempt 

by an ocelot (Leopardus pardalis) 

onaLinnaeus's two-toed sloth 

(Choloepus didactylus) at a mineral 

lick in Western Amazonia, Ecuador”. 
The video, they explain, 

“shows the sloth trying to escape 

at a considerably high speed (for 

a sloth) by inverted quadrupedal 

locomotion along a horizontal 

fallen tree lying across the mineral 

lick at a height of -30 cm above 

the ground. The ocelot tries to 

bite the sloth’s hands and slowly 

follows it on top of the branch.” 


Spam-filtered lives 


An advisory memo for lawyers 
has made Feedback muse on 
an unanswerable guestion: 
how much have spam filters 
altered the course(s) of history? 

How many meetings didn’t 
happen because email spam 
filters swallowed the invitations? 
How many agreements went 
unconsummated? How many 
other kinds of consummation 
were banjaxed into spam- 
filtered-interruptus? 

The legal advisory, by attorney 
Barron Henley, explains that 
“A high percentage of malpractice 
practice claims and practice 
management problems are caused 
by communication breakdowns.” 
He warns especially that, “Thanks 
to spam filters, email address 
auto-complete and various 
other issues, sending an email 
is no guarantee that the intended 
recipient actually received it.” 

The University of Notre Dame, 
Indiana, published Henley’s paper, 
giving it the title “Communication 
breakdown -It’s always the same 
(but it’s avoidable)”. As an unusual 
introduction to that concept of 
always-the-same-ness, the top 
of the paper’s very first page says: 
“DISCLAIMER -The information 
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Got a story for Feedback? 


Send it to[feedback@newscientist.com] 
or New Scientist, 9 Derry Street, London, W8 5HY 


Consideration of items sent in the post will be delayed 


and procedures set forth in this 
practice manual are subject to 
constant change.” 

One of the many unsolvable 
questions of recent history is: how 
many lawyers never saw Henley’s 
warning about communication 
breakdowns — because their 
spam filters swallowed it? 


In God (and AI) we trust 


“Thinking about God increases 
acceptance of artificial intelligence 
in decision-making.” That is the title 
of a new study in the Proceedings of 
the National Academy of Sciences. 
By Mustafa Karatas at Nazarbayev 
University, Kazakhstan, and Keisha 
Cutright at Duke University, North 
Carolina, it reads like a thrill ride, 
with surprises around every corner. 
The study was a series of 
experiments involving different 
people, some online from the US 


or Turkey, others in Turkey in 
“a mid-sized mosque” or ona 
“nearby street without a view of the 
mosque” or in a dental clinic. At the 
beginning of each experiment, some 
people were asked to write about 
God, others to write about some 
other topic (mostly, how they had 
spent the earlier part of their day). 
One experiment asked 405 
people if they would prefer getting 
recommendations - about movies, 
romantic partners and 22 other 
things - from a human or from 
an algorithm. Other experiments 
involved choices between “hit 
Turkish songs", “mutual funds", 
“omega-3/fish oil supplements", 
hypothetical “healthy protein bars", 
dental (implant and root canal) 
treatments or cryptocurrency prizes. 
Each choice was between 
something supposedly 
recommended by a human or 
a similar something supposedly 


recommended by an algorithm. At 
the end of each experiment, people 
were asked to indicate “the extent 
to which they thought about God 
while participating in the study”. 

All these (and a few other) things 
having been considered, Karatas 
and Cutright leave us, their readers, 
to ponder the lesson they say they 
have learned. Specifically this: 
“Thoughts of God lead individuals 
to feel smaller, rendering them 
more likely to recognize the 
fallibility of humans. They therefore 
find it less essential to rely on 
humans when making decisions 
and are more accepting of Al-based 
recommendations.” 


Weary ofambiguity 


Are you Weary of research-titles- 
that-are-ambiguous fame? Ifyou 
are Daniel Weary, co-author of 
the study “Exploring the effect 
of pain on response to reward 
loss in calves”, the answer is yes. 

Ifyou are not Weary, or anyway 
not that Weary, Feedback poses 
you this riddle: is Weary’s calves 
study about the muscular back 
part of the lower leg or is it about 
young cows? Feedback urges 
you to read the study and decide 
for yourself, but here is a not 
very helpful hint. The first two 
sentences of the paper say: 
“Negative emotional states are 
known to interact, potentially 
aggravating one another. In this 
study, we used a well validated 
paradigm (successive negative 
contrast, SNC) to determine if 
pain from a common procedure 
(disbudding) influences responses 
to a reward downshift.” 

Weary, who is at the University 
of British Columbia, Canada, 
co-wrote another study witha 
challengingly ambiguous title- 
ambiguous, that is, if you know or 
suspect that thick, soft cloth made 
from a pressed mass of fibres is 
able to feel emotions. That study, 
published as a chapter in the book 
Advances in the Study of Behavior, 
is called “Behavioral evidence 
of felt emotions: Approaches, 
inferences, and refinements”. I 
Marc Abrahams 
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